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ABSTRACT 


fb*  p^fP?se  of  this  work  was  to  develop  and  furnish  to  the  Army  (USAAVLABS) 
a  flexible -wing  delivery  system  for  all-weather  airdrop  of  500  pounds  of 

^  b.0^. automatic  command  homing  capability.  These  systems  are 
for  use  in  military  engineering  and  service  tests. 

A  detailed  design  analysis  and  trade-off  was  accomplished  followed  by  a 
full-scale  wind-tunnel  test  program  and  flight  test  evaluation  effort,  which 
resulted  in  the  selection  of  a  twin-keel  catenary  parawing,  airborne  con- 

rS.KS*and  !Uf)6^ion  sy8tea*  This  final  was  then  tested  for 

reliability  and  landing  accuracy. 

This  report  presents  the  results  and  findings  of  the  work  accomplished. 
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This  report  was  prepared  by  Goodyear  Aerospace  Cor Dorati nn  (rarM  . ,  „ 

i“thority  of  Contract  nAAJOP^S-C-OOhO  (Project  ’ 

^EveSt 8  F  rVf  performed  under  the  direction  c f 

Mr.  Everette  Forehand  and  Mr.  T.  Bard  ay  Allardice,  U.  S.  Amy  Aviation 

Sohn;S1Lab°rf°rieSj  F°rt  Eustis’  ****«.  who  *ac  ted  asthe  contract 
technical  monitors  and  advisors. 

OtaB^raSdih!adtd  by/a*  RObert  "*  Slayman'  who  w^s  assisted  by 
w  'n  1  B  x  *  director  01  design  and  technology,  and  by  Mr  Thonu^ 

rewt  n£Tr^T  °JJieldr  teSting*  The  tek  author^  this 

-  -  .  *  O^er  contributing  Goodyear  personnel  were  Mr.  Donald  M  Marco 

Systems  Application  Section  Head  in  the  Recovery  Systems  Engineering  * 

Cufftaan611  Th^*  Burt°"  E!  Mr*  Kenneth  Easter,  and  Mr.  Ralph  E. 

GEr2j801  ThG  COrp°rate  internal  document  number  for  this  report  is 
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ulrcraft^trareU™  droPPable  fron  both  fired  and  r  t 

altitude  range  ^  ^S^SSSa* 

p  ™  d.l  in  the  manual  mode.  1,9  in  the  automatic 

ayda  rTUbb”  e”®^t»tatioS!PaSe  °Utomatic  and  nanual  control 

^e^urlng  entitle  h<*n6  „  18o  ^et 

theri’,r0Er“  reUuirenents, 

£si£^?s£§s£K" 

rr o7? —SsSHS- 

“n  *"  ass 
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capability,  and  clandestine  delivery  potential  with  pinpoint  accuracy  is 
ready  for  Army  use. 


Table  I  sunn  arizes  the  capability  of  the  system  and  compares  the  results 
-with  the  initial  goals  of  the  program. 


^  ve±*§£< 

K\  JS'fr  <  *T;T£rv- 
£  '■■■  Y\  tv  fc 

-ABLE  T-  COMPARISON  OF_SY5TEM  PERFORMANCE  WITH  REOirTREMRN’PQ 


STATEMENT  0>  THE  HIOBLEM 


GENERAL 


g!js  “Jf02-68^^0*  W3S  1X5  design>  devel°P>  and  test  a 

S?S12q£.  capability.  The  system  was  to  use  a  flexible 

The  system  requirements  as  defined  by  the  contract  are  presented  in  this 

“•  In  add±tlon  t0  the  technical  requirements  set  forth,  a  quality 
control  program  in  accordance  with  MIL-Q-9858A  was  required.  7 


DESIGN  CHARACTERISTICS 

The  design  characteristics  as  defined  in  the  subject  contract  are: 

1.  Wing  shall  be  an  all -flexible  type  canopy. 

2*  COr*ift  of  th0Se  required  lines,  fittings,  and 

I,"®  connect  or  interrelate  the  wing  and  the 

control  platform  and  shall  be  dimensionally  stable. 

3*  plati’°rm  311811  house  the  guidance  and  control  systems  ant 

W  other  system  necessary  for  proper  glider  operation.  The  size 
shall  be  as  small  as  possible.  It  shall  be  shaped  to  minimize 
aerodynamic  drag,  assist  handling,  and  minimize  hazards  to  the 
wing  during  deployment. 


1*. 


^°!d  ;  Attachment  of  the  payload  shall  be  designed  to  ndnimiz 
CG  variances.  Automatic  disconnect  of  the  payload  upon  ground 
contact  shail  be  studied.  No  shape  or  size  of  the  payload  is 

?Ut  /tandaff  airdrop-type  containers  shall  be  adaptable  t 
the  system  (normally  A21,  A22,  and  A7).  H 

ANAqNCoK°ir  Th^,Bystm  sha11  be  designed  for  use  with  the 

^  *q^Pnent  interfacing  perfomance  responsi. 
biiity  will  reside  with  GAC,  including  the  installation  of  proerj 

wheth2C^f!^g  Jfpabimies  10  the  test  system  to  determine 

malfunctions  or  performance  deviations  are  the  result  of 
GEE  or  contractor— developed  hardware. 


EERFORMANCE  REQUIREMENTS 


1. 


Payload  range 
to  $00  pounds 


of  300  to  500  pounds  with  no  rigging  changes 
desired). 


(100 
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2.  Horizontal  rang?  to  vertical  height  in  still  air  1.8  to  1  when 
operating  in  the  automatic  honing  mode  on  straight  track  toward 
ground  transmitter.  Design  objective  shall  be  2.U  to  1  for  the 
same  conditions. 

3.  Deployable  from  500  to  30,000  feet. 

li.  Releasable  from  any  type  of  aircraft  at  velocities  of  0  to  l50 
KIAS. 

5.  Capable  of  a  radius  turn  of  100  feet  in  either  direction. 

6.  Coranand  control  from  a  ground  station  to  a  landing  within  100 
feet  of  the  desired  point  in  winds  up  to  75  percent  of  the  glider 
forward  airspeed. 

7.  Vertical  rate  of  descent  at  impact  of  25  fps  or  less. 

8.  Mission  Duration  -  The  airborne  glider  guidance  and  control  sys¬ 
tem  shall  automatically  activate  after  full  deployment  and  have 
sufficient  energy  to  insure  Ii5  minutes  of  normal  operation  in 
automatic  homing  mode. 


PERFORMANCE  OBJECTIVES 

1.  Demonstrate  automatic  homing  to  a  ground-based  transmitter  in 
winds  up  to  15  knots  with  200-foot  CEP  or  less  to  a  confidence 
level  of  90  percent. 

2.  Conduct  adequate  technical  analyses  of  the  design  in  areas  of 
performance,  stability  and  control,  dynamics,  loads,  materials, 
stress,  and  weights  to  insure  compliance  with  the  performance 
requirements . 

3.  Prepare  a  test  plan  for  flight  testing  of  the  system  to  demon¬ 
strate  the  ability  of  the  system  to  meet £he  performance 
requirements  and  to  identify  its  operational  envelope. 


OPERATIONAL  REQUIREMENTS  * 

1.  Reaction  Time  -  Time  from  the  moment  the  operator  decides  to 
employ  the  equipment  until  the  system  makes  final  deliveiy  of 
supplies  or  equipnent  at  its  ultimate  destination.  Sequence  of 
employment  from  the  moment  a  decision  is  made  to  employ  the  equip¬ 
ment  is: 
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Reaction 

Time  (Min. ) 

Sequence  of  Employment 

Required 

Desired 

Preflight  check 

10 

c 

Attach  system  to  cargo 

15 

z> 

2 

Turnaround  Time  -  Time  reouired  for  the 

item  to  be 

returned  to 

condition  for  reuse. 

Reaction 

Time  (Min. ) 

$ 

Sequence  of  Employment 

Required 

Desired 

Prepare  for  return  to  a  using  unit 

10 

Enroute 

NA 

NA 

Inspection 

25 

10 

Repacking 

90 

J.U 

50 

RELIABILITY  AND  ENVIRONMENTAL  REQUIREMENTS 


The  flexible  wing  deliveiy  system’s  operational  reliability  requirements 
under  worldwide  environments,  assuming  successful  completion  of  preflight 

CneCK  j  31*6! 


1.  Desired  -  100  percent 

2.  Minimum  required  -  80  percent  with  90  percent  confidence 


The  equipment  must  be  capable  of  employment  in  intermediate,  hot-drv,  warm- 
wet,  cold,  and  extreme  cold  climates.  The  minimum  environmental  operational 
expressions  required  are  specified  in  paragraph  7  of  Change  1  to  AR  705-15 
For  minimum  storage  and  transit  conditions,  the  equipment  will  incorporate* 
the  criteria  specified  in  paragraph  7.1  of  Change  1  to  AR  705-15. 

testing  of  the  equipment  will  be  done  to  insure  reliability. 
Number  of  samples  tested  will  be  in  accordance  with  engineering  judgment 
based  on  state-of-the-art  knowledge  or  practice  consistent  with  accepted 
s  tistical  methods.  MIL-R-275ii2  will  be  used  as  a  reference  for  fulfill¬ 
ment  of  the  reliability  requirements.  Contractor  reliability  plans  and 
programs  will  fulfill  the  intent  of  MIL-R-275ii2. 


MAINTAINABILITY  REQUIREMENTS 

Maintenance  Concept  -  Operational  readiness  of  the  J^ipment  is  immediate. 
The  equipment  must  be  designed  for  minimum  prevenl^e  and  in-storage 
maintenance  and  for  maximum  interchangeability  ar /  use  of  standard  parts 
and  components.  To  satisfy  this  requirement,  thitowaway  assemblies  or 
modular  design  will  be  used  whenever  cost  per  assembly  is  under  $25  each 
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or  when  value  analysis  for  higher  cost  items  dictates.  Maximum  accessi- 
6  pr°7lded  high-mortality  items  that  require  adjustment  or 
f 1am  en=umbrances  w111  be  placed  around  the  components  requiring 
In' aa-ustjJient  or  repair.  All  components  shall  be  removable  with  tools 
in  the  organizational  mechanic's  toolbox. 

Quantification  of  Maintainability  -  The  system  maintainability  goal  is  to 

reqUir®d  COmbat  readijless  of  97  percent  for  expected  utilization 
on  a  2it-hour-per-day  operation.  A  comprehensive  maintenance  and  skill 

.fi1  be  c°nd^ted  during  the  contractor  test  orogram.  MIL-M-26512 
r  f  af  8  reference  for  fulfillment  of  the  maintainability  require¬ 
ment  PUnS  ***  prograns  wiU  fnlfi11  th° 

Sll  bfreouS^"  ^Ufll.insPeclion  at  the  organization  nuintenance  level 
wild,  be  required  to  determine  mechanical  condition  of  the  eouioment  Mn™ 

comprehensive  inspections  will  be  accomplished  at  the  higheT^S'of 
maintenance.  Equipment  will  be  calibrated  and  checked  out  ^tHjui Sent 
P^3ible3  kTmy  Standard  Instrmnent  and  Electronic  Repair  Shops  wh^e 

snsbcLp^"S1"^L"::.13  “ticipated  *• 

r^?He^nee^ngirinCipleS  Sha11  be  considered  to  insure  that  adequate 
consideration  is  gL’  -n  to  the  capabilities  and  limitations  of  man  as  a 

component  of  the  flexible  wing  delivery  systems.  MIL-H-2789U  (USAF)  will 
be  used  as  a  reference  for  the  application  of  Human  EngineeringprincijS. 


approach  to  THE  PROBT.™ 


StSr&SiJSE:  ™T^tLvsl0Lva10yH3tem  '?** the  — »<* 

requirements  were  divided°inS  wri^te^el  SS°Sd  Capability»  a«d  mission 
integrated  into  .  final  system 

jSSUZfSZg  r tlon  -  — 

factors,  personnel  consideration  -n-i „+  ^  mission  readiness,  human 

ment,  and  final  systTc^T °f  "P^Wdevelop- 
hardware  was  selected  early.  in  thoLcltli  in  order  to  meet  the  schedule, 
the  worst  requirement.  cases,  the  approach  was  to  satisfy 

Figure  2  is  a  flow  chart  showing  how  GAn<s  m. 

were  integrated  into  the  overall  aDor^eh  PTeV1°u?  f^erience  and  the  GFE 
accomplished  by  a  definition  of  each  mainr  k  stated*  the  Program  was 
preliminary  test,  final  design  ^system  requirement,  analysis, 

tests.  The  majo^  evaluation,  and  riliXSy 

the  control  tor  mth  the  necessity  Gow^-^^d^SSf'3”  ^ 

^t^^^cStaS  tobMtawLhnther0d:™^C  SU1"B  and  con- 

well  as  performance  parameters  a  ?  ?  "f8  Size  311(1  shaPe  a* 

wind-tunnel  tests,  comp^nt  ^sts  £ee  n? ^^"ted  by 
evaluation  was  also  conducted.  *  llght  experiments,  and  system 

payload  werTthaftiS  ^ntTOl^hoS^breffectL^^0^1'01  b°X  the 
the  wing  directional  rotation  should  be  ind 5££5 

tidial  control ^ouldX^qSred^  This^^t?  fC°Uracy  was  that  a  propor- 
hardware  for  converting  infl“enfed  **  sel~tion  of 

as  the  method  of  analyzing  the  incominHignal*  T^^1Lra0£i0n,  33  Wel1 
aystem  was,  however,  used  in  the  final  desi^.’  bang-bang»  control 

Based  on  component,  subsystem  and  +-+Bi 

necessary  modifications  aSd  Je3tperilM,ltal  «™luation, 

dares  were  established!  Se  fi„1,  “ei””  "ade*  operational  pro«- 

ccmplianoe  »ith  relUMUty  ’T  h“  t<!stod  f°r 
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Figure  2.  System  Approach  Flow  Chart. 


SYSTEM  DESCRIPTION  AND  OPERATION 


GENERAL 

dSteAsLn«Iet^dvaSia  r!SUlt  °f  the  Wrk  reP01"ted  herein  consists  of  a 
tol  n  ?  T!  ee 1  catenary  parawing,  a  control  box,  and  a  ground  con- 

nnHpr^K*  ?  18  ?apable  of  being  remotely  guided  to  an  accuratelanding 
under  a  broad  envelope  of  weather  and  tactical  conditions.  The  hardware6 
receiver,  and  transmitter,  which  are  the  automatic  homing  and  guidance  * 

'**•'"%*'****  Under  the  direction  fS  e^pUed 

as  AN/AS  W-95  system  to  GAC.  The  balance  of  the  system  was  designed 

compatible  Sth^hf AN/A^*  rec^uirement»  ^  system  was  made 

compatible  with  the  AN/ASN-95  system  and  GFE  hardware. 

wlnf  T  ±n  h  ^  °Perati°nal  system  is  composed  of  a  deployable 

ng,  a  co^rol  platform,  and  a  cargo  container.  The  total  system  less 
the  ground-based  transmitter  and  payload,  weighs  less  than  100  pounds  and 

rmSue3da^Tel0Pe1  °r„  UeLthan  21  inche3  * 21  ^  by  17  £3£  ? 
installed  upon  a  payload.  The  sequence  of  operation  is  shown  in  Figure  k. 

DEPLOYABLE  WING 

°f  "i"8  suspension  lines  and 

risers  ^see  Figure  5),  the  deployment  bag  (see  Figure  6)y>^und  thp  hi-inio 
system  including  a  swivel  (see  Figure  7).  the  bridle 

I”a?e  **!!  calendered»  rf-P-stop  nyloksoloth  which  has  been 
coated  with  polyurethane.  The  porosity  of  the  cl$tfa  is  7  CFW  or  less  with 
a  differential  pressure  of  1/2  inch  of  water.  The  planfom  is  a  modlflef 
delta  of  the  twin-keel  variety.  It  has  a  planforra  area  of  270  souare  feet 
end  a  theoretical  keel  length  of  16  feet.  In  the  kS  area,  a  caSSrJ 
renui£X  ?h crease  lateral  stability  and  to  reduce  the  number  ^flSes 
int^the'wi^6  IE®  C!benary  r«slilts  in  a  better  load  distribution 

wi^  X  obtained^  *  &  Sinoother  contour  *nd  an  aerodynamically  cleaner 

ejected  by  warping  one  outside  wing  lobe  with  respect  to  the 
can  ^  accomplished  by  adjusting  the  line  lengths^  The  most 
efficient  manner  is  by  adjusting  the  length  of  the  wing  ti^  lines  In 
operation,  a  turn  of  sufficient  radius  to  meet  the  contract  requirements 
can  be  accomplished  by  a  wing  tip  deflection  of  2.75  and  2.25  inches  for 
the  manual  and  automatic  modes  of  operation,  respectively. 

The  line  material  is  2-in-l  stable  braid  Tt  -la  i  A,  ,* 

strength  of  1700  pounds.  There  are  2k  lines,  6  attaching"^ 
eac  leading  edge  and  6  attaching  to  each  catenary  keel  panel.  The  lines 

S*"*1;  3  raeta\  having  a  heavy  web  for  attachment  to^e 

control  box  and  for  securing  the  wing  to  the  control  box  in  the  packaged 
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k  JP^  actual  line  lengths  are  given  in  Table  II,  and  a  plan- 
form  iayout  showing  line  location  is  given  in  Figr.  e  8.  In  the  riggin* 

S  +h  1±nS  right  leadine  edge  of  the  wijig  go  to  the  rigtrtsidto 

f  the  control  platform,  and  the  6  lines  from  the  left  leading  edge  of  the 

the  ^control  ^  side  of  the  control  platfom.  In  order  to  asfure  that 
the  control  box  and  antenna  axis  are  parallel  with  the  wing,  the  odd  keel 

+h«6S  the  front  attachment  fitting  of  thecontrol  box  and 

the  even  teel  lines  are  attached  to  the  aft  attachment  m^.Th?c!!f 

qSok-^”"^^3  ■”  l0Cated  00  6  and  12  and  ar«  of  th. 

°fJ^e  parafing  ls  accomplished  during  the  packing  operation  by 
P*  z«ro-length>«efing  line  throu^  reefSglSgs  attached  to 
each  line  at  a  point  17  feet  above  the  confluence  fitting.  The  reefing 
l^e  is  also  treaded  through  reefing  rings  attached  tftte  S^r^^ 

edg^nf'^th  P°int  thre®"f0Urtha  0f  the  di8tance  from  the  17-foot  ring  to  the 
„df®  °f  2“  ,A  ^second.  Pyrotechnic  time  delay  cutter  is  used  to 

?  reefing  line.  This  reefing  method  is  referred  to  as  "0"  +  3/h 

o^Sati^rd  i"8,  A+U000-P°und  reefing  line  is  required  for  the  estate 
operational  deployment  range  of  altitude  and  velocity.  For  lesser  remrlre 

i££  SS&’S  5£2?  *•“» 

and1depl02?ent  teg  is  made  of  nylon;  when  the  wing  is  packed 

Sh^  uW±ng  i"^e  bag  13  18  inches  ^  18  inches  by  10 

?  !  PaC^g®  c°nfiguration,  the  attachment  webs  and  con- 

bS1  attat^ment  points  are  exposed  fcr  installation  onto  the  control 

stareg^re^  ^  PaCked,  th8  Can  be  atored  in  a  Parachute 

*£TS:  bag  U  installed  °n  top  of  the  control  box 
pariu°f  heae  attachment  straps  is  the  packaged  wing 
restraint  straps.  The  restraint  straps  are  closed  across  the  top  of  the 
packed  wing  and  tied  together,  and  a  standard  static  line  is  attached  (see 

The  bridle  (see  Figure  7)  consists  of  two  MIL-W-1088  Type  I  webs  assembled 
in  such  a  way  as  to  allow  four  attachment  legs  to  the  control  box  and 
attachment  of  a  Model  GL-1850-1  swivel.  The  bridle  is  attached  to  the 

below  thiVf  bhe  fittings  of  the  control  box  in  such  a  manner  as  to  be 
below  the  box  during  operation. 

webs'* is  ^  janopy  iines ,  confluence  fittings,  and  attachment 

webs  is  about  29.75  pounds.  The  deployment  bag  is  approximately  1.25 

SySten  *nd  bridLe  about  3.5  pounds.  It  is 
estimated  that  the  flexible  part  of  the  system  weight  is  3U.5  pounds. 

The  details  for  rigging,  folding,  packing,  and  installing  this  equipment 
are  presented  in  the  instruction  book1.  p 
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CONTROL  BOX 


The  control  unit  consists  of  a  closed  aluminum  box  (see  Figures  10  and  11). 
The  bottom  of  the  box  contains  the  erectable  GFE  antenna  and  the  GFE 
antenna  switching  network.  The  top  of  the  box  contains  the  GFE  radio 
receiver  and  power  supply,  the  servo  power  supply,  the  servo  actuator,  the 
servo  amplifier,  the  logic  or  junction  box,  the  time  delay,  a  press-to- 
test  circuit,  and  the  necessary  wiring  harnesses.  In  addition,  the  mechani¬ 
cal  components  necessary  for  routing  the  control  cables  from  the  servo 
actuator  pulley  out  through  the  box  and  up  to  the  wing  are  also  located 
within  the  box.  Exterior  to  the  box  are  two  spring-like  sheaths  for  the 
control  cables  to  pass  through  to  maintain  positive  tension  on  the  cables 
so  that  cable  entanglement  does  not  occur  inside  the  control  box.  The  con¬ 
trol  lines  are  terminated  in  large  shock-absorbing  springs  which  assure 
that  loads  beyond  an  allowable  value  are  not  transmitted  into  the  servo 
mechanism.  The  control  unit  is  approximately  21  inches  by  21  inches  by 
7  inches  and  weighs  65  pounds. 

The  servo  battery  is  a  rechargeable  nickel-cadmium  battery  having  a  nominal 
voltage  of  28.  It  has  a  Ii-ampe re-hour  capacity  at  a  5-hour  rate. 

The  servo  actuator  and  the  servo  amplifier  are  capable  of  producing  an 
operational  torque  of  60  inch-pounds  and  stalls  at  100  inch-pounds.  Only 
10  to  15  inch-pounds  of  torque  is  required  in  this  application.  The  servo 
actuator  is  capable  of  3-l/2  turns,  which  result  in  a  possible  control 
line  travel  of  10  inches  based  on  dnm  diameter.  Only  2-3/U-inch  maximum 
movement  is  used  in  the  application. 

The  balance  circuits  and  the  potentiometers  necessary  to  adjust  servo 
travel  are  located  in  the  logic  box.  The  adjustment  of  the  pots  allows 
from  0  to  10  inches  of  motion  in  either  direction  when  a  specific  signal 
is  received.  The  alignment  of  the  circuits,  the  specific  voltage  values, 
and  other  parameters  necessary  for  proper  operation  are  presented  in  the 
instruction  book. 

In  order  to  prevent  excess  loads  in  the  control  lines  during  deployment  and 
disreefing,  the  system  is  neutralized  during  v.he  checkout.  Bty  means  of  a 
time  delay,  the  control  system  is  not  activated  until  the  parawing  is  fully 
deployed. 

Details  for  setup,  adjustment,  and  checkout  of  the  control  unit  are  pre¬ 
sented  in  the  instruction  book.  Once  the  system  has  been  checked  out  and 
made  ready  for  flight,  it  can  be  stored  in  an  electronics  area  with  or  with¬ 
out  the  batteries.  Provisions  have  been  made  for  the  charging  of  the 
batteries  while  installed. 

In  addition,  the  hardware  is  equipped  with  a  test  button  which,  by  lighting 
up  two  lights,  indicates  the  condition  of  the  servo  and  radio  battery  and 
certain  elements  of  the  circuits.  Once  checked  out  and  placed  on  an  exter¬ 
nal  trickle  charger,  the  equipment  can  be  stored  in  a  state  of  readiness. 


Canopy 

Keel  Length . 14  ft  (actual) 

16  ft  (theoretical) 

Span . 33. S  ft 

Surface  Area .  270  sq  ft 


Figure  3.  Airborne  CACS  Equipment. 
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Figure  Sequence  of  Operation* 
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Figure  8 .  Wing  Planform  Layout. 


Figure  9  .  Installation  of  Wing  on  Control 


Figure  10.  CACS  Airborne  Control  Box  and  Ground-Based  Transmitter. 


Figure  11.  Controlled  Airdrop  Cargo  System  Control  Box 


TABLE  II. 

NCMINAL  LINE  LENGTHS 

FOR  STABLE  FLIGHT 

Line  Numbers 
(Ref-  Figure  8) 

Length 
(Ft)  (In.) 

Leading  Edge: 

1  &  7 

22 

1 

2  &  8 

22 

1  1 

3ft? 

20 

u 

h  &  10 

20 

a 

5  &  11 

18 

7 

\ 

6  ft  12 

17 

0 

Keel: 

13  ft  19 

22 

6i 

U:  ft  20 

21 

i 

15  ft  21 

20 

7 

16  ft  22 

20 

2* 

17  ft  23 

19 

10 

18  ft  2h 

19 

a 

SYSTEM  OPERATION 


A  schematic  of  the  CACS  in  operation  is  shown  in  Pieurp  ii  The  tn+Ai 

coSaSrTl^  *0  3~"  “ 

The  wing  is  installed  on  the  control  box,  and  the  control  lines  are  nrm 

E=tc£~ri5i"£SS-“ 

is  on  Sid^^onw‘andP*erietM„0fi,Se  *?  »*■  the  radio 

is  released  from  thf airerSt?  operational  envelope,  the  system 

|K *&S5S%?S£S=:-5^ 

and  tTl™  £y  it  £T?t  U»  .SS* 

srit:“ss  «■* 

dTpCntTto^Te^  ££  £  p“S£i“" 

ftrior  to  system  release  from  the  aircraft  +v.=  + , , 

The  ground  personnel  select  either  tiio  +  he  transmitter  is  turned  on. 
mode.  The  iode  M  b,  £«2  thc  "-hual  control 

switch  only.  onanged  during  flight  by  the  use  of  the  selection 

Assuming  that  the  manual  mode  has  been  selected  +Vw>  •  w 

orbit  after  8  seconds  in  a  loss  rarrH  *  BCte^»  the  airborne  system  will 

is  operating,  at  which  time  the  controls  ***  t0tal  system 

signal  from  the  ground.  As  lone  as  a  j  .  ralize,  awaiting  a  command 

right  or  left),  Sely^telTwiJfr^n  STf»  *1«“i  18  re«iTOd  father 

s^^Si^inrc^^  °-zr* 

agaln3spirai*untilCan^autaniatic^signaieisarecetred^3The<*received^signal  is 


S?*t5nC“Te2  ‘"S"1  i»  given  to  the  servo  actua- 

‘  continually  correct  itself,  homing  in  on  the  ground- 

^*1  J*  pass  OTer  the  transmitter  and  into  the  cone  of 

Jowjradiation  energy),  the  loss  carrier  function  will 
right-hand  spiral  will  commence.  The  system  will  descend  to 
an  altitude  and  location  such  that  a  signal  will  once  more  be  received  at 

Tlt,r%r  c°ntr°j b°*  1,111  ™k' -«««y  <*»«.•  ln  *£5^ 

f® **  ia  Possible  that  the  system  will  orbit  around  the  transmitter 
**  ^  t0  m  either  c“ 

®atooatic  fl±ght  from  the  aircraft  to  the  ground  in 
the  proximity  of  the  transmitter  in  an  automatic  homing  mode. 


-  TABLE  III.  DEPLOYMENT  SEQUENCE 

Total  Time 
(sec) 

Function 

0.00 

Drop 

0.75 

Lanyard  taut 

1.5b 

Deployment  bag  off 

-  antenna  released  and  erected 
“  control  box  power  turned  on 

-  lines  and  wing  stretched  out 

-  reefing  line  cutter  activated 

2.00 

Reefed  para wing  inflated 

5.50 

Reefing  line  cut 

7.50 

Parawing  fully  inflated 

8.00 

Control  box  turned  on 

17.00 

System  at  full  operation  condition 
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TECHNICAL  DISCUSSION 


GENERAL 


A  technical  program  for  the  development  of  a  flexible  wing  delivcy  system 
for  all-weather  airdrop  of  cargo  with  both  srtomatic  and  command  honing 
capabilities  was  developed  by  GAC.  This  system  was  intended  for  military 
engineering  and  service  testing  and  is  now  representative  of  a  final  pro¬ 
duction  item  for  tactical  use.  An  aerodynamic  study  was  made  to  determine 
the  flexible  wing  configurations  to  be  evaluated.  As  a  result,  five  con¬ 
figurations  were  wind-tunnel  tested  to  establish  wing  rigging  dimensions. 
Limited  L/D  comparisons  were  made  of  the  configurations  during  wind-tunnel 
testing  to  evaluate  the  wing  performances.  Prom  the  aerodynamic  analysis, 
the  wind-tunnel  test  results,  a  structural  analysis,  and  the  preliminary 
flight  tests,  a  specific  wing  configuration  was  selected. 

Additional  flight  testing  resulted  in  the  development  and  finalization  of 
packing  techniques,  reefing  method,  and  deployment  method  in  order  to 
develop  a  system  capable  of  being  dropped  from  500  feet  to  30,000  feet  at 
velocities  from  0  to  150  KIAS.  A  guidance  and  control  study  including 
antenna  pattern  investigation  was  conducted  incorporating  the  GFE  trans¬ 
mitters  and  receiver.  The  parawing  and  control  box  were  then  merged  to 
evaluate  the  control  system  response  and  effect  on  wing  performance  through 
extemiive  flight  testing.  Finally,  qualification  tests  were  run,  and  the 
flight  test  data  were  evaluated  to  establish  system  reliability.  An 
instrumentation  system  was  designed  to  incorporate  a  GFE  CEC  recorder  for 
the  gathering  of  certain  data  for  use  in  determining  performance 
characteristics. 

The  program  included  generation  of  reliability,  maintainability,  and 
quality  assurance  plans  as  well  as  detailed  test  instructions  and  test 
plans  and  equipment  as  required  for  evaluation  of  system  and  equipment 
performance. 


AERODYNAMIC  ANALYSIS 


A  preflight  aerodynamic  analysis  was  performed  on  a  single-keel  configura¬ 
tion  of  the  all-flexible  parawing  to  determine  if  it  was  feasible  to  meet 
the  contract  performance  requirements.  The  single-keel  configuration  was 
used  for  the  analysis  because  of  the  existence  of  more  data  on  this  con¬ 
figuration  as  opposed  to  a  twin-keel  or  a  twin-catenary-keel  configuration. 

The  analysis  defined  performance  characteristics  such  as  maximum  L/D 
attainable,  vertical  descent  rates,  effects  of  payload  drag  on  L/D,  and 
lateral  control  capabilities.  Effects  of  the  addition  of  a  catenary-keel 
panel  were  also  considered.  The  analysis  was  based  pri  arily  on  the 
results  of  previous  wind-tunnel  data. 
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The  analysis  indicated  that  the  performance  requirements  of  (l)  effective 
L/D  greater  than  1.8,  (2)  vertical  descent  rate  at  impact  of  less  than  25 
feet  per  second,  and  (3)  100-foot  radius  turn  could  be  met  and,  in  most 
cases,  exceeded. 

As  a  result  of  the  aerod  ’nanic  analysis,  which  is  included  in  Appendix  I, 
five  candidate  wing  configurations  were  selected  for  further  examination 
and  testing  ( see  Figure  12 ) :  . 

1.  Single  Keel 

2.  Twin  Keel 

3.  Single-Catenary  Keel 
U.  Twin-Catenary  Keel 

5.  High-Aspect-Ratio  Twin-Catenary  Keel  ^ 

v 

In  addition  to  these  five  configurations,  a  twin-catenary  keel  reefed  into  { 
a  single-keel  parawing  was  tested. 


WIND-TUNNEL  TESTS 

GAC  in  conjunction  with  NASA-LRC  personnel  conducted  a  Ii-day  preliminary 
flight  test  program  in  the  full-scale  30-foot -by-60~foot  Langley  wind 
tunnel.  The  purpose  of  the  tests  was  to  trim  out  the  five  parawing  con¬ 
figurations  selected  as  a  result  of  the  aerodynamic  analysis.  The 
configurations  tested  are  shown  in  Figure  12. 

These  six  configurations  were  trimmed,  and  rigging  lengths  were  recorded. 
Due  to  the  limited  tunnel  time  available,  optimization  of  L/D  performance 
was  not  obtained.  The  wings  were  flown  "and  trimmed,  and  data  was  taken  at 
speeds  of  35  to  60  feet  per  second.  The  data  showed  a  good  correlation 
with  wind-tunnel  data  obtained  by  other  experimenters.  The  rigging  and 
suspension  system  geometry  was  used  for  the  preliminary  flight  tests  at 
Yuma  Proving  Ground,  Yuma,  Arizona. 

A . 

The  wind-tunnel  test  data  is  included  in  Aooendix  II. 

The  wind-tunnel  tests  indicated  a  22-percent  greater  L/D  for  the  twin-keel 
configurations  as  compared  to  the  single  keel. 


STRUCTURAL  ANALYSIS 

A  structural  analysis  of  a  single-keel  parawing  configuration  was  conducted 
to  determine  the  structural  requirements  far  the  canopy  and  suspension  sys¬ 
tem.  The  analysis  was  based  on  the  assumption  that  the  leading  edges  and 
keel  are  straight  lines,  and  the  angle  of  attack  is  the  angle  which  the 
plane  of  the  leading  edges  makes  with  the  flight  path.  A  brief  analysis 
was  also  performed  on  the  twin-keel  parawing. 

The  single-  and  twin-keel  parawing  systems  analyzed  are  defined  in  Table  IV. 
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The  struc tural  analysis  of  the  wings  is  given  in  Appendix  III •  A  preli¬ 
minary  analysis  was  also  done  on  the  control  box,  bridle,  swivel,  and 
attachment  fittings'  to  define  the  requirements  of  the  integrating  hardware. 

Deployment  is  a  major  consideration  because  the  deployment  condition  is 
critical  for  most  structural  elements;  therefore,  the  weight  of  the  system 
is  governed  by  deployment-stress  requirements. 

The  parawing  inflation  time,  tf,  may  be  predicted  by 

tf  -  2.5  iv Ad  (1) 

.  V 

where 


2.5  -  empirical  constant 

-  keel  length  in  feet 

VD  -  deployment  velocity  in  feet  per  second 
The  total  dynamic  load  is  given  by 

PD  -  SAqCR  (2) 


where 

SA  -  wing  area  in  square  feet 
q  ■(  dynamic  pressure  in  pounds  per  square  foot 
Cft  «  shock  opening  factor 

r 

Preliminary  tests  showed  CR  to  be  3.0.  * 

*  t  \ 

Figure  13  graphs' the  relationship  between  the  deployment  velocity,  the  ifing 
loading,  and  the  maximum  g  loading  for  systems  without  reefing.  For 
example,  with  a  payload  weight, of  500  pounds  and  a  deployment  velocity  of 
150  knots  (253.5  feet  per  second),  the  resulting  load  is  38,000  pounds  for 
an  assumed  wing  loading  of  3  psf»  a  losd  factor  of  76  g. 

This  computation  results  in  a  high  value  because  it  was  b$sed  on  wind- 
tunnel  test  data  and  corresponds  to  an  infinite  payload  mass.  Figure  13 
and  the  calculation  are  for  the  worst  condition,  that  is,  without  reefing. 
Reefing  techniques  have  reduced  the  opening  shock  by  at  least  75  percent. 


.  /  'f 
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GUIDANCE  AND  CONTROL  ANALYSIS 


Two  methods  may  be  employed  for  guidance  and  control  of  parawing  systems: 

(1)  displacement  of  the  suspension  lines  and  (2)  addition  of  a  drag  device. 
Most  systems  with  all-flexible  parawings  use  various  foms  of  line-length 
adjustment.  The  CACS  program  currently  is  using  the  method  developed  at 
the  outset  of  parawing  development:  that  of  ad  jus'  •  ng  tfie  length  of  the 
rear  leading— edge  lines  to  afford  directional  cont^  ol. 

The  guidance  and  control  system  is  designed  to  operate  as  an  integral  part 
of  CACS.  It  uses  a  radio  receiver  R-l593(  )/ASN-95  as  on-board  eouipment 
and  a  matching  transmitter  T-1110(  )/ASN-95  as  the  ground  homing  station. 

If  the  radio  frequency  signal  is  lost,  as  when  passing  over  the  target 
transmitter,  the  system  will  automatically  apply  a  control  force  to  produce 
a  preset  turning  rate.  The  vehicle  will  fly  a  helical  path  to  the  ground 
unless  the  signal  is  again  received. 

Although  the  system  appears  to  be  susceptible  to  a  180-degree  ambiguity,  no 
practical  ambiguity  exists.  The  system  is  designed  to  recognize  which 
antenna  is  receivir^  the  greater  modulation  signal  and  to  turn  toward  the 
stronger  signal.  As  Figure  li:  illustrates,  the  system  will  fly  toward  the 
homing  beacon  regardless  of  initial  heading. 

The  number  of  degrees  of  deviation  from  the  180-degree  axis  that  is  required 
to  provide  sufficient  signal  differences  to  be  recognized  by  the  control 
system  depends  upon  factors .  such  as  transmitter  and  receiver  antenna  pat¬ 
terns,  receiver  sensitivity,  roll  attitude,  differential  amplifier 
resolution,  and  resolution  of  the  comparison  circuits.  The  sum  of  the 
above  factors  could  exceed  +15  degrees;  hovrever,  preliminary  testing  indi¬ 
cates  that  the  system  resolution  is  within  +5  degrees  from  the  rear  and  the 
front. 

The  control  cables  are  required  to  deliver  a  maximum  force  of  30  pounds  for 
the  twin -catenary -keel  parawings.  With  a  1-inch -diameter  wrap  drum,  the 
torque  on  the  output  shaft  of  the  gearbox  would  be  30  x  1/2,  or  15  inch- 
pounds.  The  servo  system  is  capable  of  maximum  control-line  travel  of 
10  inches  (present  setting  is  2-3/U  inches  maxim lm  left  or  right). 

An  antenna  system  has  been  designed  to  provide  the  best  comparison  between 
directivity  and  receiving  sensitivity  (see  Figure  15).  The  antennas  con¬ 
sist  of  the  two  quarter-wave  elements  on  the  mounting  plate  and  connectors. 
The  quarter-wave  electrical  loop  and  the  RF  switch,  matching  networks,  and 
cables  are  also  shown  at  the  inputs  to  the  RF  switch  (see  Figure  15). 

At  the  switching  rate,  the  antenna  pattern  is  essentially  a  cardioid  homing 
pattern  directed  to  the  right  or  left  side  of  the  perpendicular  line  join¬ 
ing  the  antennas  in  the  horizontal  plane.  The  homing  signal  sensitivity, 

3  assuming  a  cardioid  pattern  as  shown  in  Figure  16,  is  proportional  to  the 
sine  (TTS/X),  where  S/X  ia  the  space  between  the  two  antenna  elements  in 
wavelengths. 


The  electrical  length,  in  wavelengths,  of  the  loop  termination  between  the 
two  antennas  is  equal  to  the  spa*;e  dimension,  S.  The  RF  switch  supplier  a 
single-ended  output  for  the  receiver  and  eliminates  the  need  for  two  RF 
amplifiers.  A  spacing  of  S  -  0.25  seems  to  provide  an  ideal  design  com¬ 
promise  in  sensitivity  by  giving  an  output  differential  signal  change  of 
2,5  db  for  a  10-degree  pointing  error. 

To  operate  at  frequencies  sufficiently  high  to  remove  interference  from 
the  ground,  a  one-to-three  scale-model  version  of  the  antennas  and  the 
payload  box  was  designed  and  fabricated.  Pattern  measurements  were  made 
on  the  antenna  range  at  GAC«s  Wingfoot  Lake  facility.  Both  vertical  and 
horizontal  patterns  were  taken,  including  tests  for  voltage  standing  wave 
ratio  (VSWR),  impedance  match,  and  equal  gain  at  the  boresight  position 
for  right-  and  left-hand  patterns . 

The  approach  to  the  mechanical  development  of  a  suitable  control  system  for 
"the  parawing  was  to  use  as  much  of  the  knowledge  and  as  many  system  com¬ 
ponents  as  possible  from  the  list  of  those  already  developed  and  qualified. 
It  was  hoped  that  this  approach  would  prevent  redundant  efforts  and  provide 
the  most  rapid  means  of  achieving  a  qualified  parawing  system.  The  system 
was  to  use  the  radio  receiver  and  transmitter  system  supplied  as  GFE.  To 
complete  the  system,  a  servo  system  and  a  standard  aluminum  box  were 
selected  for  the  system.  The  initial  units  were  designed  around  the  larger 
ite rim-model  receiver  and  battery.  The  necessary  interface  circuitry, 
instrumentation  circuitry,  and  power  distribution  circuitry  were  designed. 
Servo  system  power  requirements  were  determined,  and  a  suitable  nickel- 
cadmium  battery  pack  was  selected.  The  entire  system  was  then  adapted  to 
the  standard  aluminum  box. 

The  interim-model  receiver  was  a  lower  frequency  system  and  did  not  have 
the  proportional  homing  capability  btxt  was  modified  by  GAC  to  incorporate 
this  feature  for  the  early  ;est  phase. 

As  stated  previously,  in  order  to  analyze  and  evaluate  the  antenna  system, 
a  scale  model  was  fabricated  and  tested.  Antenna  radiation  patterns  were 
measured  at  six  different  element  spacings  to  optimize  antenna  placement. 
Effects  of  pitch  and  roll  on  radiation  patterns  for  the  optimum  spacing 
and  payload  affects  were  also  investigated.  From  these  investigations," 
antenna  placement  and  ground  plane  predictions  were  made  for  the  low- 
frequency  interim-model  receiver.  Indications  were  that  a  grourri  plane 
extension  should  be  used  for  automatic  homing  with  this  system.  As  a 
result  ef  this,  and  the  fact  that  the  final  receiver  system  was  to  be  ready 
early  in  the  program,  the  interim  radio  was  used  in  the  manual  mode  only. 
The  scale  model  antenna  analysis  also  resulted  in  initial  predictions  for 
the  higher  frequency  final  receiver  antenna  system.  For  details  of  this 
scale  model  antenna  system  analysis,  see  Appendix  IV, 

An  analysis  was  also  made  of  the  instrumentation  requirements,  and  the  nec¬ 
essary  circuitry  was  designed  to  obtain  this  information  using  the  GFE  CEC 
recorder.  The  original  instrumentation  system  is  described  in  Appendix  VI, 
and  the  instrumentation  data  obtained  is  summarized  in  Appendix  VI, 
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'igure  12.  Parawing  Configurations 


Ground  Transmitter 


Figure  111.  Antenna  Directional  Operation. 


* 


Figure  1$.  Honing  Antenna  HF 
Diagram. 


Figure  16.  Homing  Antenna 

Signal  Sensitivity. 


33 


TABLE  IV.  SYSTEMS  DEFINITION 


Item 

Single  Keel 

Twin  Keel 

Wing  planform  area 

220  sq  ft 

275  sq  ft 

Theoretical  keel  length 

18  ft 

16  ft 

Maximum  wing  loading 

2.7  psf 

2.7  psf 

Fabric  tensile  strength  required,  warp 
end  fill 

135  #/in. 

120  f/in. 

Minimum  strip  tensile  with  a  factor  of 
safety  -  3/l. 

Tp  -  7.19  x  10‘5  LkFSVd2 

where  Tp  is  the  tensile  strength  of 
fabric,  Lr  is  the  theoretical  keel 
length,  Fs  is  the  factor  of  safety, 
and  7D  is  the  deployment  velocity. 

Resultant  velocity  of  system  in  flight 

18.75  fps 

L3.75  fps 

Vertical  descent  rate  with  L/D  ■  2 
Vertical  descent  rate  with  L/D  ■  3 

21.8  fps 

15.U  fps 
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DEVELOPMENT  TEST 


GENERAL 

The  development  tesfts'.were  to  include  the  evaluation  of  independent  compo¬ 
nents  of  their  assembly  into  a  unit  through  a  complete  system.  However, 
many  of  the  system  development  tests  were  done  in  actual  free  flight  and 
have  been  included  under  flight  test.  Also,  part  of  the  parawing  develop¬ 
ment  effort  was  accomplished  in  the  wind  tunnel  and  is  presented  as  part  of 
the  technical  discussion.  Because  of  the  nature  of  this  program  and  tie 
approach  used,  that  is,  the  assembly  of  developed  and  qualified  hardware, 
the  development  test  area  was  limited  to  antenna  performance  and  location 
evaluation  and  the  detail  examination  of  the*  subassemblies  in  the  control 
unit.  The  objective  of  the  control  system  test  was  twofold:  (1)  to  assure 
that  the  total  system  would  function  as  desired  and  that  the  independent 
components  or  assemblies  would  function  properly,  and  (2)  to  establish  the 
acceptance  test  procedures,  Development  Test  Instruction  (DTI),  in  accor¬ 
dance  with  the  quality  requirements  of  this  program. 


ANTENNA 


The  pre flight  or  development  testing  of  the  antenna  system  for  the  final 
receiver  consisted  of  determination  of  optimum  antenna  spacing,  design,  and 
fabrication  of  the  antenna  erection  mechanism,  and  testing  of  the  full- 
scale  antenna  system. 

The  impjedance  of  the  individual  antenna  elements  was  taken,  loss  measure¬ 
ments  were  made  through  the  RF  switch,  and  radiation  patterns  were  taken  on 
the  overall  antenna  system.  For  these  tests,  the  actual  antenna  installa- 
'  tion  on  the  control  box  cover  was  used  with  full-scale  mockups  of  the 
control  box  and  payload.  The  detailed  test  results  and  antenna  patterns 
obtained  are  given  in  Appendix  V. 


CONTROL  SYSTEM 


Control  system  design  and  fabrication  techniques  were  finalized,  and  DTl*s 
were  written  for  preinstallation  tests  of  the  following  purchased  and 
GFK  items: 

1.  Proportional  Servo  System 

2. ^  Servo  Battepy  Pack 

3. *  Control  System  Time  Delay  Relay 

U.  Interim  Model  Radio  Receiver  and  Transmitter  System 
5.  AN/ASN-9^  Navigation  Set 

In  addition,  test  procedures  were  written  for  the  logic  box  assembly  and 
•■he  complete  control  system.  Calibration  test  instructions  were  also 
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written  for  the  GFE  receiver  teat  set.  Test  setups  were  designed  and  fab¬ 
ricated  as  reauired  for  the  DTI's.  A  complete  set  of  DTI's  can  be  found 
in  the  reliability  and  maintainability  report.2 

Each  of  the  components  was  thoroughly  tested,  and  their  characteristics 
were  noted  for  final  integration  into  the  control  system. 

The  first  two  control  systems  were  fabricated  using  the  early  model 
receiver,  and  they  were  delivered  for  field  test.  These  two  units  were 
flown  successfully,  but  only  the  manual  control  mode  was  used  because  the 
scale -model  antenna  tests  indicated  the  need  for  a  ground  plane  extension 
for  the  antennas  for  automatic  homing.  The  manual  control  flights  were 
useful  for  preliminary  determination  of  such  factors  as  control  line  pull-in 
versus  turn  rate,  etc. 

The  R-l$93(  ) /ASN-95  receivers  were  incorporated  into  the  next  systems. 

The  preliminary  tests  of  the  final  system  in  the  proportional  homing  mode 
indicated  that  the  system  was  very  sensitive.  The  error  angle  required  for 
full  cable  pull-in  would  result  in  what  would  amount  to  a  "bang-bang"  sys¬ 
tem.  The  system  sensitivity  was  such  that  hunting  of  the  servo  system 
resulted.  The  tests  showed  the  need  far  a  more  comprehensive  investigation 
and  optimization  of  the  system  with  respect  to  receiver  sensitivity ,  servo 
system  sensitivity,  servo  dead  band,  noise  levels,  antenna  patterns, 
desirable  error  angles,  and  antenna  boresight  errors.  In  the  interest  of 
cost  and  time,  GAC  elected  to  use  the  "bang-bang"  steering  for  field  test. 
The  "bang-bang"  system  was  found  to  satisfy  the  contract  requirements  and 
was  incorporated  into  the  system. 


V.  ' 


FLIGHT  TEST 


GENERAL 

Because  of  the  nature  of  the  program  and  its  ultimate  objective,  the  aero¬ 
dynamic  and  flight  tests  were  the  most  significant  tests  that  were  conducted. 
The  wind-tunnel  tests  and  their  results  have  been  presented  under  technical 
discussion  and  in  Appendix  II.  The  objective  of  the  flight  test  program  was 
to  evaluate  the  wing  performance,  deployment  system,  control  box -wing  inte¬ 
gration,  reefing  and  system  performance,  and  reliability  evaluation.  The 
flight  test  evaluation  was  divided  into  four  areas:  preliminary  flight 
tests,  deployment  tests,  control  flights,  and  performance  and  reliability 
evaluation. 

During  this  task,  the  major  system  integration  was  accomplished  by  obtain¬ 
ing  the  best  performance  characteristics  of  each  subsystem  when  combined 
with  the  balance  of  the  hardware. 

The  results  of  the  flight  test  program  are  presented  in  this  section. 

Appendix  VI  presents  the  onboard  flight  instrumentation  data. 

preliminary  flight 

The  objective  of  this  phase  of  the  flight  test  program  was  the  selection 
of  the  wing  configuration  for  more  complete  evaluation* 

The  preliminary  flight  tests  were  conducted  during  two  separate  efforts. 

The  first  was  fro®  8  July  to  9  August  1968  at  Yuma  Proving  Ground.  The 
second  series  of  flights  occurred  10  September  to  1  November  1968.  During 
the  first  series  of  tests,  108  flights  were  conducted.  They  consisted  of 
6  dampy  man  drops  for  trim,  h9  live  man  drops  to  evaluate  deployment  and 
control,  U2  cargo  drops  without  control  box  for  deployment  and  trim  evalua- 
tion,  and  11  control  drops  for  manual  model  considerations  and  the  evaluation 
of  certain  mechanical  features.  The  objective  of  this  series  of  tests  was 
to  verify  and  adjust  the  rigging  line  lengths  and  material  established  by 
the  wind-tunnel  effort  and  structural  analysis  as  well  as  wing  configura¬ 
tion.  In  addition,  the  effect  of  various  reefing  and  deployment  techniques 
wis  investigated,  and  the  control  characteristics  of  the  wing  were  to  be 
determined  by\  means  of  personnel  and  manual  control  drops. 

The  variables  investigated  for  these  series  of  tests  were: 

1.  line  Material  . 


&•  St6§l 

b.  Ifylon  -  Polypropylene  2 -in-1  stable  braid 
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c.  Nylon  tubular 

d.  Nylon  braid 

e.  Dacron  -  Polypropylene  2 -in-1  stable  braid 

* 

f.  Dacron  twisted 

2.  Canopy  Configuration 

2 

a.  220  ft  planfom  area  -  Single  Keel  (SK) 

2 

b.  220  ft  planfom  area  -  Single-Catenary  Keel  (SCK) 

p 

c.  2?0  ft  planfom  area  -  Twin  Keel  (TK) 

2 

d.  270  ft  planfom  area  -  Twin-Catenary  Keel  (TCK)  . 

2 

d.  360  ft  planfom  area  -  High-Aspect-Ratio  Twin-Catenary  Keel 

3. '  Reefing  Techniques 

a.  Standard  reefing  line  rings  on  the  periphery  of  the  parawing 
With  line  lengths  from  50  to  80  percent  of  the  parawing  keel 
length 

» 

b.  Daisy  chaining  the  tee Is  together  with  the  aft  opening  first 

c.  Daisy  chaining  the  trailing  edges  closed 

d.  Combinations  of  a,  b,  and  c 

e.  Snyder  reefer  in  lengths  from  U8  to  8h  inches 
k»  Packing  Techniques 

a.  Simple  sleeve  with  line  stowage  provision 

b.  Stock  bags  with  line  stowage  provision 
e.  '  Disposable  bags 

f  f.  Commercial  design  sleeve 

\ 

The  teat  conditions  were  a  suspended  weight  of  65  to  565  pounds  (live  man 
drop®,  approximately  180  pounds),  a  drop  altitude  of  1000  to  7000  feet,  and 
a  velocity  of  5  to  150  KIAS.  ’ 

p  ’  * 

The  objective  of  the  personnel  tests  was  to  make  preliminary  measurements 
and  judgments,  which  would  be  difficult  to  obtain  without  a  very  sophisticated 
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on-board  and  ground  instrumentation  system.  The  indication  was  that  the 
man's  descent  rate  on  the  270-foot  twin-catenary-keel  parawing  was  8  to  10 
feet  per  second.  Also,  for  the  twin-catenary  keel,  a  6-inch  pull  on  the 
control  line  with  a  man  payload  required  16  to  18  pounds  of  pull.  This  , 
produced  a  6-  to  7-second  360-degree  turn  with  a  turning  radius  estimated 
at  less  than  5ol  feet.  The  parawings  with  a  catenary  keel  could  be  flown 
in  turns  estimated  to  be  20-  to  30-foot  radius  with  no  apparent  sideslip 
or  loss  of  control. 

Based  on  personnel  and  cargo  flights  and  observation  only,  it  appeared  that 
the  wings  with  catenaries  performed  better  than  those  without.  It  was  also 
determined  by  observation  and  corments  by  the  jump  personnel  that  the  twin- 
catenary  keel  performed  the  best. 

As  stated  above,  various  line  materials  were  investigated;  as  a  result. 
Dacron  polypropylene  2-in-l  stable  braid  was  selected.  With  respect  to  the 
reefing  techniques,  it  was  determined  that  the  approach  in  which  only  the 
lines  are  restrained  would  be  used.  The  exact  metr od  was  not  determined- 
only  the  approach  was  considered.  ’ 

I 

flights  in  this  series  were  instrumented,  and  the  data  is  given  in 
Appendix  VI.  , 

As  a  general  result  of  this  series  of  flight  tests,  it  was  determined  that 
a  twin-catenary-keel  parawing  with  Dacron  polypropylene  2-in-l  stable  braid 
was  the  canopy  and  line  configuration  that  should  be  used.  Based  on  the 
use  of  the  interim-model  receiver  and  transmitter  equipment,  it  was  deter¬ 
mined  that  manual  control  was  possible.  The  use  of  the  swivel  was  proven, 
and  adequate  control  response  was  obtained.  The  indications  were  that  the 
parawing  system  could  meet  the  desired  requirements.  The  specific  deploy¬ 
ment  and  packing  technique  was  not  worked  out;  however,  the  general  folding 
arrangement  for  the  parawing  was  established.  Areas  in  which  control  box 
improvements  could  be  effected  with  respect  to  the  mechanical  design  were 
determined.  Since  the  major  objectives  of  this  effort  were  accomplished, 
this  part  of  the  test  program  was  concluded.  A  summary  of  the  test  phase 
is  presented  in  Table  V. 

„  r 

The  preliminary  flight  tests,  part  two,  were  initiated  at  Yuma  Proving 
Ground.  The  objectives  of  these  tests  were  to  investigate  deployment  and 
reefing  tecnniques  and  the  control  system  capability  using  the  iinal 
receiver  and  transmitter  in  both  the  autcmatip  homing  and  the  manual  con¬ 
trol  modes. 

During  this  .test  sequence,  82  flights  were  made. v  They  consisted  of  36 
dummy  cargo  ".trim''  flights  and  deployment  tests  and  h6  flights  for  control 
tests.  It  was  d  fete  mined  during  nthin  test  series  that  the  wrap-type  reef¬ 
ing  technique  such  as  the  Snyder .  hcefswould  not  perform  over  the*  altitude- 
velocity  envelope  requirement,,  and  a  special  package  and  deployment  container 
was  necessary  for  the  unit.  After  several  significant  failures,  this  effort 
was  terminated,  and  the  information  obtained  was  reviewed  in  detail  prior 
to  initiation  of  the  deployment  test  phase.  Table  VI  is  a  general  summary 


of  this  flight  series,  and  Table  VII  is  a  summary  of  the  flights  in  which 
a  control  unit  was  used. 

It  was  determined  that  once  good  deployment  had  been  accomplished  and 
opening  shock  kept  down,  the  system  would  function  well.  Based  on  this 
and  the  reefing  line  and  packaging  information,  a  detailed  deployment  test 
series  with  specially  designed  aiid  fabricated  hardware  was  planned,  designed, 
and  performed. 


SYSTEM  DEVELOPMENT  FLIGHT  TEST  PLAN 


An  afialysis  of  the  data  ob  ined  on  the  preliminary  program  and  an  exten¬ 
sive  review  of  the  test  movies  were  used  to  prepare  a  test  plan.  As 

stated  in  the  requirements,  the  system  must  be  deployable  from  a  500-foot 
altitude  to  30,000  feet.  Consideration  was  given  to  two  general  approaches. 
The  first  used  a  drogue,  and  the  second  was  lanyard  extraction  of  the  wing. 

The  two  general  concepts  were  investigated.  It  was  assumed  that  the 
drogue  approach  might  encounter  problems  at  the  low -altitude  limit  and  the 
lanyard  would  produce  the  maximum  load.  An  analysis  using  the  drogue  con¬ 
cept  assuming  a  68-inch  D0  flat  circular  pilot  chute  was  performed  and  is 
summarized  in  Table  VITI.  It  indicates  that  this  concept  should  be 
investigated  experimentally. 

In  evaluating  the  lanyard  approach,  it  was  assumed  that  the  deployment 
velocity  was  150  knots;  a  sea  level  air  density  was  used,  and  an  opening 

shock  factor  of  2  was  assumed  for  the  30,000-foot  condition.  Based  on 

these  assanptions  and  a  reefed  mode,  the  peak  load  was  calculated  to  be 
681:0  pounds.  (The  maximum  load  measured  with  proper  reefing  during  the 
fli^it  test  was  6100  pounds.)  The  total  capability  of  the  lines  (2h  lines 
at  1700  pounds  per  line)  is  li0,800  pounds,  resulting  in  a  safety  factor  in 
excess  of  3.  In  examining  the  500-foot  case,  it  was  determined  that  a 
U-second  time  delay  should  be  used.  This  factor  was  also  used  in  obtain¬ 
ing  the  above  loads.  Based  on  the  above  and  the  tolerances  accumulated, 
such  as  reefing  delay  time  and  simplicity  of  system,  the  lanyard  appeared 
to  be  somewhat  better  than  the  drogue  concept.  However,  it  was  determined 
that  an  experimental  evaluation  would  be  required  for  final  selection. 

As  stated,  one  of  the  conclusions  fran  the  preliminary  flight  test  program 
was  the  requirement  of  a  packing  and  deployment  unit  designed  particularly 
for  the  parawing.  This  unit  is  to  encompass  the  handling  as  well  as  opera¬ 
tional  requirements.  Two  concepts  were  investigated:  a  bag  and  a  sleeve. 
In  both  cases,  provisions  were  made  so  that  a  drogue  or  lanyard  could  be 
attached  to  the  bag  or  sleeve. 

As  a  result  of  the  preceding  test  program,  it  was  determined  that  the  wing 
and  rigging  configurations  were  satisfactory,  and  the  mechanism  of  tne  con¬ 
trol  box  and  the  "bang-bang"  control,  instead  of  the  proportional  control, 
would  be  adequate  to  meet  the  contract  requirements.  Also,  the  final 
bridle  length  was  determined. 
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It  wa 3  determined  that  the  balance  of  the  tests  should  be  to  establish  the 
best  method  for  extracting  and  deploying  the  wing,  establish  the  reefing 
method,  determine  the  control  adjustments  and  attachment  requirements,  and 
evaluate  the  performance  and  system  reliability.  In  order  to  accomplish 
these  objectives  in  the  most  expeditious  manner,  a  test  program  was 
designed  which  had  a  series  of  tests  each  having  a  primary  objective. 
However,  they  were  integrated  such  that  secondary  objectives  could  be 
accomplished;  i.e.,  a  flight  having  deployment  evaluation  as  its  primary 
objective  could  have  a  secondary  objective  of  control  response.  An  order 
of  preference  was  established,  and  most  of  the  data  for  a  particular  factor 
was  accumulated  before  the  next  series  of  tests  was  started.  It  should 
also  be  pointed  out  that  the  total  test  was  changed  when  the  data  so  indi¬ 
cated;  however,  a  tes  series  was  always  completed  to  assure  the  total 
availability  of  data.  The  program  developed,  as  a  result  of  the  above, 
is  presented  in  Tables  IX  through  XII. 

During  the  generation  of  the  test  program  and  the  plan  and  review  of  hard¬ 
ware  requirements,  a  system  for  recording  and  reporting  test  corxiitions 
and  data  was  established.  The  specific  forms  are  presented  in  Figures  17 
through  22.  (Note  that  Figure  17  was  replaced  by  Figures  18  and  19  during 
the  course  of  the  program.)  The  forms  were  completed  after  each  flight. 

The  objective  of  these  forms  was  to  reduce  the  possible  variations  to  a 
minimum  and  to  record  as  much  of  the  same  data  from  each  flight  far  com¬ 
parison  evaluation. 

Upon  completion  of  the  test  plan,  forms,  and  approach,  and  a  review  with 
the  cognizant  Army  personnel,  the  next  phase  of  the  flight  test  and  evalu¬ 
ation  program  was  initiated. 

Because  of  the  results  of  the  flight  test  program,  changes  in  the  tests 
were  made.  Table  XIII  lists  all  the  tests  conducted  beyond  the  preliminary 
tests.  It  shows  the  flight  number,  the  deployment  altitude,  the  deployment 
velocity,  and  the  type  of  test. 


DEPLOYMENT  FLIGHT  TEJTS 


The  specific  objective  of  the  deployment  test  series  was  to  finalize  a 
system  capable  of  being  deployed  from  5 00  to  30,000  feet  at  velocities 
from  0  to  1$0  knots  indicated  airspeed.  In  order  to  accomplish  this 
objective,  two  reefing  arrangements,  two  packing  systems,  and  four  extrac¬ 
tion  arrangements  were  experimentally  evaluated  at  Yuma  Proving  Ground, 
ftie  additional  reefing  arrangement  was  also  examined  experimentally. 

A  zero-length  reefing  line  located  at  the  length  of  the  No.  6  line  (17  feet 
from  the  fitting)  on  all  the  lines  was  the  basic  configuration.  The  vari¬ 
ation  evaluated  was  the  distance  that  the  nose  was  drawn  down  from  its 
full-up  position  toward  the  17 -foot  dimension.  The  four  nose  lines  were 
pulled  dam  either  one-half  or  three-fourths  of  that  distance.  For 
one  test  the  nose  was  drawn  down  to  a  point  coincident  with  the  17-foot 
reefing  line  attachment  point. 


The  packing  configurations  were  a  deployment  bag  and  a  deplovment  sleeve. 
The  wing  was  extracted  by  means  of  a  lapyard  attached  directly  to  the  pack 
or  to  a  drogue  which  then  extracted  the  wing.  The  time  delay  is  b  seconds 
for  the  reefing  line  cutter  when  the  lanyard  approach  is  used.  When  a 
drogue  is  used,  2  seconds  is  expended  on  the  drogue  and  2  seconds  for  the 
d is reefing  of  the  wing.  A  68-inch  Dq  flat  circular  parachute  was  used  as 
the  drogue. 

A  sunmary  of  all  th<=  deployment  flight  tests  is  presentee  in  Table  XIV. 

The  eight  configured  i  n  .■  tested  were: 

1.  Bag  with  drogue  and  0  +  1/2  nose  tuck  reefing 

2.  Bag  without  drogue  and  0  +  1/2  nose  tuck  reefing 

3.  Bag  with  drogue  and  0  +  3/b  nose  tuck  reefing 

b.  Bag  without  drogue  and  0  +  }/k  nose  tuck  reefing 

5.  Sleeve  with  drogue  and  0  +  1/2  nose  tuck  reefing 

6.  Sleeve  without  drogue  and  0  +  1/2  nose  tuck  reefing 

7.  Sleeve  with  drogue  and  0  +  3/b  nose  tuck  reefing 

8.  Sleeve  without  drogue  and  0  +  3/b  nose  tuck  reefing 

Each  of  the  eight  configurations  was  dropped  from  3000  feet  at  deployment 
velocities  of  bO,  80,  and  120  KIAS.  Maximum  shock  loads  were  recorded  by 
means  of  a  Brinell  block  measuring  device  between  the  payload  and  the 
dummy  control  box.  In  several  cases,  the  instrumentation  unit  was  used  to 
confirm  the  Brinell  data.  This  series  of  tests  consisted  of  flights  201 
229.  The  lcsults  of  these  tests  and  a  comparison  are  presented  in 
Table  XV.  It  can  be  seen  that  the  3/b  nose  tuck  gave  the  most  consistent 
low  deployment  load. 


The  3/k  tuck  lanyard  deployed  in  both  the  bag  and  sleeve  was  selected  for 
the  next  series  of  tests.  The  two  configurations  were  tested  at  120  knots 
and  deployment  altitudes  of  5000,  10,000,  and  1^,000  feet.  These  are 
flights  230  through  235  and  are  presented  in  Table  XVI.  The  final  con¬ 
figuration  selected  based  on  the  data  obtained  was  a  deployment  bag,  without 
a  drogue  chute,  with  zero-length  reefing  line,  and  with  a  3/k  nose  tuck. 
Flights  237,  238,  and  23Q  are  of  this  configuration  for  indicated  airsoeeds 
of  150  knots  and  5000-,  10,000-,  and  15,000-foot  altitudes  (see  Table  XVI). 
The  results  of  these  flights  verified  the  selection. 

The  reefing  line  was  sized  from  the  preceding  flights  and  selected  tests 
through  flight  32b.  The  flights  ’used  to  size  the  reefing  line  and  the 
results  are  presented  in  Table  XVII.  It  was  concluded  that  a  bOOO-pouni 
line  would  allow  the  system  to  function  over  the  complete  range  of  condi¬ 
tion  and  that  a  1700-pound  reefing  line  would  limit  the  performance 
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envelope  to  10, CTO  feet  and  120  K LAS. 

In  summary,  the  deployment  tests  resulted  in  the  selection  of  a  bag,  7,ero 
reefing  line,  3/ U  nose  tuck,  itOOO-pound  reefing  line  system.  Sufficient 
data  was  obtained  to  establish  insured  performance  over’  the  required  spec¬ 
trum  of  conditions. 

Upon  completion  of  these  tests,  a  preliminary  series  of  control  flights  was 
made.  They  were  flights  2li0  through  2lj9  in  which  inconsistent  results  were 
obtained.  It  was  determined  upon  examination  of  the  flight  hardware  that 
excessive  loading  had  been  experienced  during  the  deployment  tests;  there¬ 
fore,  new  equipment  should  be  used  for  the  control  tests. 


CO  VIROL  SYSTEM  EVALUATION  FLIGHT  TEST 

The  objective  of  this  part  of  the  flight  test  program  was  to  evaluate  the 
effect  of  control  system  response  on  the  wing  performance  and  to  establish 
the  type  and  amount  of  control  required.  The  flight  tests  necessary  to 
obtain  data  to  accomplish  the  objective  cf  these  tests  were  conducted  at 
Yuma  Proving  Grourki. 

The  general  requirements  of  the  total  system  including  the  control  box 
were  as  presented  in  Statement  of  the  Problem.  It  appeared  from  the  data 
btained  on  flights  201  through  23*?  that  the  wing  was  more  than  capable  of 
meeting  the  objectives.  The  wing  performance  would  be  degraded  by  the 
addition  of  the  control  box.  Because  of  this,  a  series  of  tests  was  con¬ 
ducted  to  evaluate  the  attachment  point  of  the  control  line  to  the  control 
cable  and  the  amount  of  control  line  movement  for  each  mode  of  operation. 
This  series  of  tests  was  divided  into  two  efforts.  The  first  was  to  insure 
that  the  wing  was  in  trim  and  performed  properly,  and  the  second  consisted 
of  controlled  flights  with  the  trimmed  wing.  There  were  h2  deployment  and 
trim  drops  and  hh  control  flights  for  a  total  of  36  tests. 

A  summary  of  the  control  flights  conducted  is  presented  in  Table  XVII I. 


The  eifect  of  the  control  box  on  the  performance  of  the  wing  for  the  most 
part  was  based  on  visual  observation,  notion  pictures,  and  stopwatch-type 
data,  several  attempts  were  made  to  obtain  adequate  data  using  a  variety 
of  instrumentation  systems.  However,  it  was  determined  that  cinetheodolite 
cov°  age  would  be  required  in  the  last  analysis  to  determine  srecific  per¬ 
formance  parameters. 

One  of  the  items  to  be  determined  was  effective  L/D  of  the  system.  Figure 
23  is  a  definition  of  effective  1,/D.  It  is  the  glide  angle  once  the  sys¬ 
tem  is  flying  and  heading  toward  the  transmitter  in  3  no-wind  condition, 
should  it  pass  over  the  transmitter  and  enter  the  loss  carrier  mode  of 
operation,  that  portion  of  flight  Is  not  considered  for  the  effective  L/D 
evaluation. 
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The  cine  theodolite  data  was  obtained  on  flights  326  and  327.  A  reduction 
of  the  data  is  presented  in  Figures  2b  and  25.  The  L/D  obtained  for 
flights  326  and  327  was  1.9  and  2,1,  respectively.  Figure  25  shows  that  an 
effective  L/D  as  high  as  3.1  was  achieved  during  the  early  part  of  that 
flight.  All  of  the  values  obtained  were  well  in  excess  of  the  required  1.8. 

A  second  requirement  was  a  vertical  impact  velocity  of  less  than  25  feet  per 
second.  The  results  from  both  cine theodolite  flights  are  presented  in 
Figure  26.  The  impact  velocity  was  20  feet  per  second  and  17  feet  per 
second.  Both  of  these  values  are  below  the  requirement  set  for  impact 
velocity;  that  is,  not  to  exceed  25  feet  per  second. 

It  was  also  required  that  the  system  be  capable  of  a  100-foot  turn  radius. 
The  data  obtained  shows  that  the  100— foot  turn  radius  requirement  was 
achieved.. 

The  cine  theodolite  data  obtained  from  these  two  flights  confirms  the  rough 
data  obtained  on  the  balance  of  the  flights.  Therefore,  it  can  be  concluded 
that  the  system  performance  with  respect  to  the  paranmters  discussed  above 
are  equal  to  or  better  than  that  necessary  to  meet  the  requirements. 

As  a  result  of  this  effort,  it  was  concluded  that  for  automatic  operational 
mode,  control  would  be  accomplished  by  deflecting  the  wing  tip  2-l/b  inches 
far  the  automatic  homing  mode  and  2-3/b  inches  for  the  manual  and  loss 
carrier  modes.  It  was  concluded  that  effective  L/D  could  be  obtained  and 
that  an  average  turn  radius  of  100  feet  was  achieved  with  the  above  wing 
tip  deflection  values.  It  was  also  concluded  that  impact  within  100  feet 
of  the  target  during  manual  operation  could  be  achieved. 

Although  additional  flights  were  not  conducted,  the  data  was  reviewed  far 
performance  CEP  and  reliability  predictions.  This  review  is  presented  in 
the  following  section. 


PERFORMANCE  AND  RELIABILITY  FLIGHT  TEST 

A  detailed  analysis  of  the  performance,  turnaround  time,  reliability,  and 
CEP  is  presented  in  the  Reliability  and  Maintainability  report2.  There¬ 
fore,  only  the  data  used  and  conclusions  are  presented  here. 

Sufficient  data  was  to  be  obtained  to  evaluate  the  CEP  of  the  system  in  a 
15-knot  wind.  A  specific  CEP  was  not  a  requirement;  however,  a  goal  of 
200  feet  was  considered.  The  data  applicable  to  this  determination  is  pre¬ 
sented  in  Table  XU.  The  average  impact  distance  was  169.6  feet;  a  CEP  of 
180  feet  with  a  °0-percent  confidence  level  of  200  feet  with  a  °l-percent 
confidence  level  was  obtained. 

The  reliability  predictions  were  based  on  the  data  presented  in  Table  XX. 

It  was  determined  that  the  system's  reliability  was  93.3  percent  with  a 

90-percent  confidence  level  or  95  percent  with  an  85-percent  confidence 
level. 


i 


The  reaction  time  objectives  were  preflight 
tune  of  125  minutes.  The  time  achieved  was 
respectively. 


of  15  minutes  and  turnaround 
15  minutes  and  U5  minutes. 


Results  of  testing  show  that  the  system  meets  all  of  the  performance 
requirements  as  defined  in  the  contract  Statement  of  Work. 


Figure  17.  Li ne  Length  Check  and  T  jlininary  Teat  Hardware  Definition 


Figijra  18.  Parawlng  Line  Length  Check. 


TEST  NO. 
DATE 


StAtic  Line  Length 
Si  re 


Deployment  Png  S/N 


Reefing  Lin*  Cutter  S/N 
Delay 


Control  Pox  P/N , 
S/N 


Bridle  S/N 


Svivel 


S/N 


Quick  Disconnect  P/N. 

S/N 


Payload  Nomenclature. 
Weight 


1 


Tranamitter  S/N 


Figure  19,  Development  Test  Hardware  Definition 
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Flight  Typa: 


FLIGHT  TEST  SUMMARY 


Tine: 


Teat  Number: 


Aircraft: 


Dapl.  Vel._ 


Altitude: 


Pa laving: 


Contr.  Syat;_ 


Payload  V eight: 


Payload  Weight: 


Documentation: 


CONTROL  SYSTEM  FLIGHT  READY  TEST  -  PPADS 


Test  Date 


System  Serial  Number  _ _  Flight  No. 


Component  List 

Serial  Number 

Component  List 

Serial  Number 

Servo  Amplifier 

Battery  ^Receiver 

Servo  Actuator  ' 

Battery  Servo 

Time  Decay  Relav 

Logic  Box 

Receiver 

Electronic  Switch 

Servo 

Battery 

Receiver  Battery 

No  Load 

32  +  2v 

No  Load 

2;t  +  2  Volts 

10  ohm 

28  +  2V 

30  ohm 

‘  1‘  - 

25+2  Volts 

Time  Delay 

Close  Deployment  Switch  note  between  Deploy  indicator  out  and  Power  (T  +  9) 
indicator  on. 

_ seconds  (nominal  9  seconds) 

Voltage  Regulator 
With  Servo  Battery 

Battery  Voltage  Regulator  Output 

30  Volts  Nominal _ 

Flight  Notas: _ 


Figure  21,  Control  System  Flight  Ready  Test  -  CACS 
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CONTROL  SYSTEM  FLTCHT  READY  TEST  -  PPADS  (continue 


Pflpg  7  nf  7 


Adjust  Potentiometers  and  operate  contr  1  Indicated,  measure  cable  travel  and  voltages: 


Function 

Potentiometer 

Adjust 

Control  1 

Cable 

Travel 

HiLever 

Preset 

Feedback 

Manual  Left 

R4 

K2 

Manual  Risht 

R5 

1C1 

Loss  Carrier 

R6 

K3 

Home  Left 

R2 

K6 

Home  Right 

R3 

K7 

Measure  an  equal  length  of  control  cable  in  center  position  of  actuator  _ 

Antennas  checked  for  shorts  and  grounds.  _ 

Assembly  Package 

Note  connectors  are  properly  secured,  hardware  complete  and  bolts  secured. 

Loss  Carrier  Jumper  disconnected _  Connected _ 

Note  irregularity _ 


Final  Check 

With  syptem  completely  assembled,  operate  the  control  box  by  releasing  the  antenna. 

Operate  the  transmitter  for  the  following  actuator  operation.  (NOTE:  Transmitter  should 
be  a  minimum  of  10  feet  from  the  control  box.) 

Manual  Control  Control  Cable  Pull  In 


Right  _  Right _ 

Left  _  Left  _ 

Transmitter  Off  Right  Left 

Home  (Transmitter  Position) 

Right _  Right _ 

•Left _  Left  _ 

Return  to  actuator  center  position  -  note  any  deviation  from  position  marked. 


Tested  by_ 


Date 


-£77- 


Figure  22.  Control  System  Flight  Ready  Test  -  CACS 
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DEPLOYMENT  AND 
FLIGHT  INITIATION 


TRANSMITTER 


.0 


I 

I 


' 


Figure  25.  Parawing  Performance  Flight  Test 
No.  327  L/D  Performance  Carr*. 


Cinetheodolite  Altitude  Recording  (Ft)  Cinetheodolite  Altitude  Recording 


10,000 
8,000  I- 
6,000 
h,000 
2,000 
0 


i 

i - - 

[— - 

j 

i 

i 

_ L 

1 

1 

:  p  ■ 

; 

i 

■ 

; 

i 

i 

_ i _ 

* 

\ 

1 

I 

0  10  20  30  JiO  5o 

Vertical  Descent  Velocity  (Ft/Sec) 

No.  326 


.0,000 
8,000 
6,000 
li,000 
2,000 

0  0  10  20  30  1*0  5o 

Vertical  Descent  Velocity  (Ft/Sec) 
No.  327 

Figure  26.  Vertical  Descent  Curves . 
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TABLE  V. 

SUMMARY  OF  PRELIMINARY  FLIGHT  TESTS 

(8  JULY  TO  9  AUGUST  1968) 

Parawing 

No. 

Flight 

Type 

Reefing 

Notes 

1 

Trim 

TCK3 

Keels  together 

lor#  steel  lines 

2 

Trim 

SCKb 

- 

b00£r  steel  lines 

3 

1 

Trim 

HARC 

Keels  together 

18C#  steel  }  nes 

Trim 

TCK 

- 

18c#  stofri  lines  ' 

5 

Trim 

SCK 

- 

180#  steel  l^nes 

6 

Trim 

SCK 

- 

hOOtf  steel  lines 

7 

8 

Trim 

TCK 

- 

18Q#  steel  lines 

Trim 

TCK 

80?  reefing  line 

Dumruy,  reefing  delay 
failed 

9 

10 

Trim 

TCK 

51"  Snyder 

Dummy,  deployment 
good 

Man 

TCK 

.. 

11 

Man 

TCK 

— 

12 

'['rim 

TCK 

1  sec  aft  6-sec  keels 

5oo# 

13 

Trim 

TCK 

51"  Sryder 

Dummy 

li 

Trim 

TCK 

- 

500# 

15 

16 

Trim 

Trim 

TCK 

TKd 

Duminy 

51 0# 

17 

Trim 

SCK 

- 

Dummy 

18 

Man 

TCK 

— 

19 

Man 

TCK 

_ 

20 

Trim 

SCK 

- 

Dummy 

21 

Man 

TCK 

— 

22 

Man 

TCK 

_ 

23 

Man 

TCK 

— 

2h 

Man 

SCK 

_ 

25 

Man 

TCK 

_ 

26 

Man 

TCK 

— 

27 

Kan 

TCK 

6L"  Snyder 

10-15  sec  disreef 

28 

Man 

TCK 

61i  ”  Snyder 

7-10  sec  disreef 

29 

Kan 

TCK 

None 

_ 

30 

”an 

SCK 

61"  Snyder 

Less  than  5  sec 
disreef 

31 

Man 

TCK 

61"  Snyder 

_ 

32 

Man 

TCK 

51"  Snyder 

Less  than  5  sec 
disreef 

33 

Man 

TCK 

- 

*  Twin-Catenarv  Keel 
Single -Catenary  Keel 
®  High  Aspect  Ratio 
“  Twin  Keel 


i 
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TABUS  V  -  Continued 


Flight 


Parawing 


Notes 


Man 

TCX 

Man 

TCK 

_ 

Man 

TCK 

Man 

TCK 

— 

Man 

TCK 

Man 

SCK 

Man 

TCK 

Man 

SCK 

_ 

Man 

TCK 

Man 

TCK 

Deploy 

SCK 

- 

Deploy 

TCK 

Keels  together 

Deploy 

TCK 

Keels  together 

Man 

TCK 

6h*  Snyder 

Man 

TCK 

61*"  Snyder 

Man 

TCK 

- 

Man 

SCK 

Deploy 

TCK 

Snyder  -*•  6  sec 

Deploy 

TCK 

6  &  h 

Deploy 

SCK 

Snyder 

Man 

TCK 

Man 

TCK 

— 

Man 

SCK 

Snyder 

Han 

TCK 

_ 

Man 

TCK 

_ 

Man 

SCK 

— 

Man 

TCK 

— 

Man 

TCK 

_ 

Man 

TCX 

— 

Man 

TCK 

Hop  &  pop 

Deploy 

TCK 

6  sec 

Deploy 

TCK 

6  sec 

Deploy 

TCK 

6  sec 

Deploy 

SCK 

- 

Deploy 

SCK 

_ 

Deploy 

TCK 

- 

Deploy 

SCK 

- 

Deploy 

Deploy 

TCK 

- 

110  kn,  steal  lines 
110  kn, steel  lines, 
wing  tore,  static  line 
110  kn,  steel  lines, 
wing  tore,  static  line 


h80f 

hdo# 

hOC#,  steel  lines, 
payload  3trap  broke 


n  sec  delay 

no  kn,500# 
no  kn,50C# 

HO  kn,30(# 

30  kn 
30  kn,50C# 

30  kn,50C#,  10  sec  to 
disreef 

30  kn, 500#,  6  sec  to 
disreef 
30  kn,50C# 

no  kn,  600#,  lost  pay- 
load  ( release 1 
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TABLE  V  -  Continued 


Par awing 


No. 

Reefing 

Notes 

73 

Deploy 

sex 

_ 

110  kn, 500# 

7U 

Man 

SCI 

- 

60  kn 

75 

Man 

TCI 

Snyder 

60  kn 

76 

Deploy 

SCK 

- 

130  kn,  500# 

77 

Deploy 

TCK 

- 

130  kn,  500# 

78 

Man 

SCK 

- 

— 

79 

Man 

TCK 

- 

- 

80 

Deploy 

SCK 

- 

150  kn, 300# 

81 

Deploy 

TCK 

- 

150  kn, 300# 

82 

Deploy 

TCK 

2  sec 

150  kn,  500# 

83 

Deploy 

TCK 

6  sec 

150  kn,  50C# 

81* 

Man 

TCK 

- 

_ 

85 

Deploy 

TCK 

- 

SOQ/f 

86 

Manual 

TCK 

“ 

160#  lost  payload 
(release  failed) 

87 

Trim 

TCK 

- 

100# 

88 

Manual 

TCK 

- 

165# 

89 

- 

- 

- 

No  test 

90 

Manual 

TCK 

6  sec 

36c#  control  okay 

91 

Deploy 

TCK 

- 

30Qf 

92 

Manual 

TCK 

“ 

360#  rt  control  cable 
tangled 

93 

Deploy 

TCK 

t 

i> 

_  1 

A 

2- 

300# 

9h 

Manual 

TCK 

360#  It  control  cable 
tangled 

95 

Deploy 

TCK 

a 

150  kn,  500# 

96 

Deploy 

TCK 

- 

150  kn,500# 

97 

Manual 

TCK 

- 

60  kn,  36q#  control  okay 

98 

Manual 

TCK 

- 

60  kn,  360#  control  okaj 

99 

Manual 

TCK 

_ 

— 

100 

Deploy 

TCK 

6  sec  +  2  sec 

150  kn, 50C# 

101 

Deploy 

TCK 

6  +  2 

5octf,  150  1m 

102 

Manual 

““ 

Inst.  165#  1*0  kn  It 
control  cable  tangled 

103 

Deploy 

TCK 

6  +  2 

50QfU50  kn 

101* 

Manual 

TCK 

6  +  2 

500#,l50  kn  lost  pay- 
load  (bolt  sheared) 

105 

Man 

- 

- 

• 

106 

Man 

- 

107 

Man 

- 

108 

Manual 

Nose  tuck 

Inst.  165#  60  kn  con¬ 
trol  okay 

TABLE  VI.  SUMMARY  OF  PRELIMINARY  FLIGHT  TESTS 
(10  SEPTEMBER  TO  1  NOVSfflER  1968 

No. 

Flight 

Velocity 

(Kn) 

Altitude 

(Ft) 

Payload 

(Lbs) 

Notes 

101 

Trim 

Uo 

2,000 

300 

102 

Trim 

UO 

2,000 

- 

Line  tangled 

103 

Nan 

Uo 

h,000 

160 

— 

10L 

Manual  Control 

6o 

5,000 

- 

Lost  pavload 

105 

Trim 

Uo 

2,000 

— 

106 

Manual  Control 

Uo 

10,000 

- 

Violent  drop  from  air¬ 
craft 

107 

Trim 

- 

2,000 

300 

— 

108 

Manual  &  Homing 

- 

5,5oo 

^00 

60 1  from  tar  -et 

109 

Trim 

- 

2,000 

300 

_ 

no 

Homing 

- 

5,000 

— 

—  ! 

111 

Trim 

- 

2,000 

500 

- 

112 

Homing 

- 

5,000 

300 

3*0  from  target 

113 

Homing 

- 

7,000 

5oo 

Receiver  battery  dead 

11 L 

Homing 

Uo 

10,000 

300 

Line  tangled 

115 

Trim 

15o 

2,000 

5oo 

- 

116 

Homing 

— 

7,000 

300 

Antenna  snort  -  okay 
manual 

117 

Homing 

- 

7,000 

300 

300'  from  target 

118 

Homing 

120 

10,000 

300 

39 1  from  target 

119 

Manual  6  Homing 

120 

10,000 

5oo 

7 O'  from  target  on 
manual 

120 

Man 

- 

3,000 

160 

Reefing  broke  loose 

121 

Homing 

- 

7,500 

300 

U17'  from  target 

122 

Homing 

- 

7,500 

5oo 

18  3  *  from  target 

12? 

Homing 

Uo 

7,000 

- 

Incomplete  deployment 

12L 

- 

- 

- 

- 

— 

125 

Homi  ng 

Uo 

7,000 

5oo 

360'  from  target, 
rt  turn  cable  broken 

126 

- 

- 

- 

- 

- 

127 

Homing 

60 

9,500 

300 

110'  from  target, 

2-1/2  mi  offset 

128 

- 

- 

-  \ 

- 

No  test 

12o 

Manual  6  Homing 

- 

10,000 

5oo 

120'  from  tarret,  man¬ 
ual  (antenna  onen) 

130 

Homing 

Uo 

7,U00 

300 

110'  from  target,  lost 
payload 

131 

Homing 

7, LOO 

500 

600',  did  not  get  ful¬ 
ly  back,  lost  payload 

132 

Homing 

- 

10,000 

500 

3L5' 

133 

Homing 

- 

7,000 

5oo 

5L'  (11,000*  offset) 

13li 

Homing 

7,000 

5oo 

Lost  payload 
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TARLK  vr  -  Continued 


TABLE  VI  -  Continued 


No. 

Flight 

Velocity 

(Kn) 

Alt itude 
(Ft) 

Payload 

(Lbs) 

170 

Trim 

l5o 

3,000 

- 

171 

Homing 

150 

15,000 

300 

172 

Homing 

150 

15,000 

- 

173 

Homing 

150 

15,000 

- 

1714 

Beefing 

75 

5,000 

- 

175 

Reefing 

150 

ii,000 

- 

176 

Reefing 

150 

14,500 

- 

177 

Rerei^g 

150 

15,000 

- 

178 

Homing 

150 

15,000 

- 

179 

Reefing 

ho 

l4,5oo 

- 

180 

Reefing 

liO 

!j,500 

- 

181 

Ree  fing 

I40 

14,900 

- 

182 

Reefing 

5o 

3,500 

- 

Notes 


Pilot  chute  broke 
loose 

300’  from  3  mil es  in 
cross  wind 
Pilot  chute  &  wing 
broke 

Manual  control,  one 
antenna  gone 
Snyder  ♦  nose  tuck, 
okay 

Snyder  nose  tuck, 
okay 

Snyder  +  nose  tuck, 
okay 

Snyder  +  nose  tuck, 
okay 

Control  box  destroyed 
tangled  lines 
Snyder  +  nose  tuck, 
1950#  shock  load 
Snyder  +  nose  tuck, 
220 yt  shock  lo^d 
Snyder  +  nose  tuck, 
2li00#  shock  load 
Zero  reefing  line, 
3300#  shock  load 
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TABLE 

vri.  CONTROL  FLIGHT  BUKHARI 

Date 

Flight 

Remarks 

9-11-68 

10li  (5-1)  * 

Payload  lost  at  deployment  due  to  failure  to 
bridle  at  the  D  ring 

9-1' -68 

106  (5-2) 

Deployment  chute  hangup  on  payload 

<3-16-68 

108  (5-1) 

Automatic  home -to -target  switched  to  manual 
to  protect  control  lynx;  wing  out  of  trim; 
landing  within  50'  of  target 

9-17-68 

no  (5-M 

Wing  not  quite  in  trim;  6"  pull  considered 
too  great 

9-17-68 

112  (5-5) 

Good  flight  within  15'  of  transmitter; 
automatic  homing  all  tee  way;  descent  rate 
approximately  19  fps  with  100#  payload 

9-18-68 

ill  (h-L) 

Automatic  homing  good  to  approximately  1000' 
of  target,  teen  turned  away  from  target; 
post  flight  check  showed  receiver  battery 
low,  18.2  voltsj  descent  mte  18  fps  with 

50Q#  payload 

9-18-68 

llli  (s-6) 

Line  tangled;  system  fell  off  backward  in 
tight  twist 

9-18-68 

116  (U-2) 

Automatic  homing  did  not  function;  manual 
control  good;  right  antenna  shorted  to  case 

9-19-68 

117  (h-3) 

Automatic  homing  to  100'  of  target 

9-19-68 

118  (b-li) 

Automatic  homing  to  within  19'  of  transmitter, 
with  300#  payload;  descent  rate  16  fps 

9-18-68 

119  (5-7) 

Right  turn  in  automatic  mode,  manual  control 
to  70'  of  transmitter;  flight  15  min  from 
10,000';  12  fps  descent  rate,  100#  payload 

9-2C-68 

121  (b-5) 

Good  flight;  U00'  from  target,  25  kn  winds, 

'  100#  payload 

9-20-68 

122  (5-8) 

Good  flight;  180'  from  targat 

9-25-68 

123  (Li-6) 

Instrumentatl on,  right  turn  stall 

Date 


Flight 


Remarks 


9-25-68  125  (5-9) 


9-26-68  127  (5-10) 


9-26-68 

129  (1,-7) 

*  9-26-68 

130  (1,-8) 

9-27-68 

131  (5-11) 

9-27-68 

13h  (5-12) 

9-30-68 

0,-9) 

9-30-68 

133  0,-10) 

9-30-68 

135  0,-11) 

9-30-68 

136  (1,-12) 

10-01-68 

137  (1,-13) 

10-01-68 

138  (5-13) 

10-01-68 

139  0,-U,) 

10-02-68 

litO  (1,-15) 

10-03-68 

Ha  0,-16) 

Static  line  deployment  from  H-3ij;  long  and 
violent  deployment;  system  homed  well  without 
right  control,  line  broken;  approximately  360' 
from  target 

Good  flight  to  HO 1  from  an  altitude  of  9500* 
up  wind>  descent  rate  approximately 

System  did  not  automatically  home,  antenna 
open;  manual  control  to  120*  of  target 

Lost  payload  at  deployment,  homed  to  tar pet  with 
only  the  control  box;  landed  within  110*  • 
descent  rate  6-7  fp3  ’ 

Automatic  homing  to  within  600'  of  the  target- 
lost  payload,  high  cross  vinds 

Payload  strap  broke  and  wrapped  around  the 
control  lines 


7°000'tO  Flairchild  ^-J000'  offset  at 

Manual  flight  for  Fairchild  56 »  from  trans¬ 
mitter,  500#  payload 

Manual  flight  for  Fairchild  150*  from  trans¬ 
mitter,  500#  payload;  displayed  good  wind 
penetration 

Automatic  home  to  250*  - 

Lostpayload,  bridle  tangled  control  line- 

Automatic  home  to  126' 

Quick  release  malfunction,  homes  witn  control 
box 


Destroyed  control  box 


TABLE  VTI  -  Continued 


Date 

Flight 

Remarks 

10-03-68 

Ui2  (5-lL) 

Damaged  control  box 

10-08-68 

1L7  (lia-17) 

Lost  payload,/  homes  with  just  control  box 

10-08-68 

3li8  (5-15) 

Automatic  home,  120* 

10-08-68 

1L9  (5-15) 

Field  repack;  wing  ripped  in  half;  descent 
rate  72  fps 

10-11-68 

15L  (ba-18) 

Drooped  at  20,000';  offset  at  10,000'  altitude 

10-10-68 

155  (5a-l6) 

Deployed  at  10,000*  and  120  kn,  L  mi  up  wind 
from  target,  a  few  right  turns  at  deployment; 
the  homing  alignment  was  within  an  angle  of 
♦15°;  packaged  loss  carrier  disconnected, 
came  straight  to  target;  when  within  200'  of 
target  at  approximately  1000' ,  it  went  into  a 
right  turn  stall;  package  damaged  upon  impact 

10-11-68 

157  (5a-17) 

Line  tangled  during  deployment,  could  not 
control 

10-15-68 

158  (ba-20) 

Deployed  10,000'  at  120  kn,  L-l/2  mi  from  tar¬ 
get;  homed  to  target,  passed  orer  the  XMTR 
turn  at  approximately  250'  and  made  a  gentle 
turn  into  wind;  load  landing  was  very  gentle 
upon  release  of  load;  control  package  damaged 
upon  landing 

10-16-68 

159  (143-21) 

Parawing  did  not  deploy;  deployment  reefer  tied 
off  with  550#  cord 

10-16-68 

\ 

! 

i 

i 

i 

160  (5a-21) 

Parawing  flew  well  as  reported  by  helicopter 
crew;  C-130  drop  at  least  8  nd  from  target 
or  3  mi  beyond  the  selected  release  point 
at  10,000';  package  fell  1.5  mi  short  of 
target 

i 

|  10-17-68 

162  (La-22) 

Wing  tom  apart;  tap>e  held  the  antenna  closed  j 

10-18-68 

163  (L-23) 

Slack  control  lines;  lost  ca3Tier  could  not 
overcome  slack;  good  deployment  and  stable 
flight 
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TABLE  VUT.  PERFORMANCE  CALCULATICNS  - 
_ PARAWING  SYSTEM  WITH  DROGUE 


Altitude  Loss 


Total  Altitude  Loss 
—  frt) 


Launch 

20’  free  fall,  drogue  riser  pays  out 


Drogue  Inflated 

122*  *  drogue  operation 

Deploy  Parawing 

79'  wing  line  stretch 

Wing  Reefed 
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Initiate  Disreefing 
77' 


20 
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CONTROL  SYSTEM  TESTS 
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Objectives?  a,c,h,m?  1.2.3 
9,10  * 


TABLE  X  -  Continued 
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TABLE  X  -  Cont inued 
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§ 
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Objectives: 


TABLE  X  -  Continued 


C1C3  TEST  OBJECTIVES  FOR  TABLES  X  AND  XI 


Performance  Data  Oriented  Test  Objectives 

a.  Turn  rate,  roll  angle,  and  turn  diameter  versus  control  cable 
pull-in  and  total  suspended  weight 

b.  Determine  control  line  forces  versus  control  cable  pull -in and 
total  suspended  weight 

c.  Automatic  homing  turn  angle  versus  co-  trol  cable  pull-in  and 
total  suspended  weight 

d.  Automatic  homing  duty  cycle  versus  control  cable  pull-in  and 
total  suspended  weight 

e*  Proportional  homing  capability  -  Measure  the  receiver  propor¬ 
tional  outputs  differential  signal  versus  time  to  determine 
the  system  improvement  and  proportional  time  constants 

f.  Determine  time  constants  of  lost  subcarrier  to  automatic 
homing  turns 

g.  Determine  time  constants  of  lost  subcarrier  to  command  turns 

h.  Determine  the  effects  of  payload  size 

i.  Determine  characteristics  of  transmitter  cone  of  silence 

j.  Determine  the  effects  of  depression  angles  (26  to  90  degrees) 

k.  Evaluate  the  apparent  constant  right  turn  over  target 

l.  Determine  command  homing  capability 

m.  Determine  automatic  homing  capability 
Contract  Performance  Oriented  Test  01  jectives 

!•  300-  and  500-pound  payload  with  no  rigging  changes  (100  to  500 

design  goal) 

2.  L/D  of  1.8  to  1  (2.h  to  1  design  goal) 

3.  500-  to  30,000-foot  operation 

U.  0-  to  150-knot  operation 

5.  100-foot  turn  radius  capability 


72 


6.  100-foot  radius  landing  with  command  control 

7.  Vertical  descent  rate  at  impact  of  25  feet  per  second  or  leas 

8.  Mission  duration 

9#  automatic  homing  battery  life  of  U5  minutes 

10.  Design  goal  of  200  feet  CEP  with  15-knot  wind  in  the  automatic 
honing  mode 


TABLE  XI.  RELIABILITY  TESTS 


1 


TA3T.5  XI  -  Continued 


*>t«.  Control  cable  pull-in  ..t.bllah.d  In  to.to  conducts  In  T.bl.  I 


Test  1  Front  suspension  tie  point  load 

Setup 

No.  1  3  Aft  suspension  tie  point  load 

Left  suspension  tie  point  load 
7  Right  suspension  tie  point  load 

9  Vertical  axis  acceleration 

Test  1  Servo  amplifier  input  signal 

Setup 

No.  2  3  Servo  actuator  feedback  signal 

5  Left  control  line  loading 

7  Right  control  line  loading 

9  Receiver  proportional  differential  signal 

13  Receiver  AGC  voltage 

11  PAM  (Pulse  Amplitude  Modulation  -  sampled  signals) 

1  Command  light  turn  relay  K1 

2  Coranand  left  turn  relay  K2 

3  Lost  subcarrier  relay  K3 
U  Receiver  battery  voltage 

5  Servo  battery  voltage 

6  Regulated  power  voltage  (22  VDC) 

7  Accelerometer  (either  axis) 

8  Spare 

9  Lost  subcarrier  relay  K3 

10  Suspension  load 

11  Suspension  load 

12  Suspensi#i  load 

13  Suspension  load 

ill  Spare 

15  Lost  subcaprier  relay  K3 

16  Instrumentation  regulated  power  voltage  (5  VDC) 


Marker  instrumentation  battery  voltage 


TABLE  XIII.  FLIGHT  TEST  SUMMARY  AND  INDEX 
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TABLE  XVIII  -  Continued 


FLIGHT  DATA 


TABIE  XU  -  Continued 


.  Average  impact  distance  169.6  feetj  CEP  180  feet  at  90-percent  confidence  level 
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225  downwind 


Deployment 

Flight  Altitude  Velocity  *  Offset 


Based  on  the  above  33  flights  without  failure 


EOT  IROIWENTAL  EVALUATION 


GENERAL 


The  CACS  was  to  be  designed  to  be  compatible  with  the  environmental 
requirements  set  forth  in  paragraph  7  of  Change  1  to  AR  705-15.  The 
temperature  limits  for  the  environments  specified  ars  as  described  in 
AR  705-15,  paragraph  7c. 

Compliance  with  the  requirement  was  accomplished  by  design  and  by  the  use  of 
approved  MS  parts  and  processes.  In  areas  in  which  such  evidence  was  not 
directly  available,  compliance  could  be  demonstrated  either  by  actual  test 
or  by  establishing  similarity  of  hardware,  materials,  or  processes  to  those 
that  have  demonstrated  compliance  with  required  environment.  In  addition 
to  the  above,  the  acceptability  of  certain  component  parts  has  been 
established  by  swans  of  an  exempt  parts  list  (see  Appendix  VTI),  ■which  was 
approved  by  the  contracting  officer.  In  those  cases  in  which  actual  tests 
are  required,  the  specific  test  shall  be  in  accordance  with  MIL-STD-810. 

It  was  assumed  that  if  major  subassemblies  were  acceptable,  then  the  total 
integrated  system  was  acceptable.  In  line  with  this  approach,  the  CACS 
was  divided  into  two  major  subassemblies  t  parawing  and  control  unit.  By 
definition,  herein,  the  parawlng  subassembly  consisted  of  all  the  textile 
material  components.  Thus,  the  subdivision  results  in  similar  materials 
being  grouped  together  for  investigation. 

The  following  is  the  specific  approach,  discussion,  and  results  of  the 
investigation  to  verify  the  compatibility  of  the  CACS  design  and  equipment 
with  AR  705-15,  paragraph  7  of  change  1,  temperature  requirements. 


ENVIRONMENTAL  REQUIREMENTS 

Because  of  the  availability  of  the  reference  documents  and  the  length  of 
the  description,  the  environmental  requirements  will  not  be  presented  in 
detail  herein.  The  tests,  by  title,  which  would  be  used  in  MIL-STD-810 
Category  5,  Class  6,  are:  ■> 

1.  Temperature  and  Pressure 

Low  Temperature 
High  Temperature 
Low  Press  me 
Sunshine 

2.  Corrosion  and  Erosion 

Sand  and  Dust 

Rain 

Humidity 


V 


* 
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Fungus 
Salt  Fog 

3«  Mechanical 
Shock 
Vibration 


The  objective  of  investigating  the  CACS  as  a  function  of  the  above  items 
was  to  assure  that  the  system  is  capable  of  reliable  operation  under  world¬ 
wide  operational  conditions. 


PARAWING  ASSEMBLY 


The  parawing  is  made  from  nylon  or  polyamide.  Dacron  or  polyester,  poly- 
propylene,  and  polyurethane  elastomer,  which  has  been  integrated  into  an 
engineering  material  or  used  by  itself  in  the  parawing  fabrication.  Both 
nylon  and  polyester  have  been  used  in  a  multitude  of  parachute  programs  in 
which  the  hardware  has  been  qualified.  Therefore,  this  complete  subassembly 
has  been  qualified  by  similarity  herein. 


The  parawing  assembly  consists  of  a  canopy  and  lines  (part  No.  10068109-1) 

deployment  bag  (part  No.  10068lb3-l) ,  and  attachment  bridle  (part  No 
10068lij0-l). 

As  stated  previously,  a  material  and/or  item  that  has  been  manufactured  by, 
and  certified  to  comply  with,  a  military  specification  would  be  qualified 
for  this  program.  Both  the  deployment  bag  and  the  attachment  bridle  are 
made  from  certified  material.  The  process  for  assembling  the  units  is  in 
accordance  with  standard  Government  specification.  Therefore,  it  can  be 
assumed  that  these  items  will  meet  the  environmental  requirements  specified 
for  the  CACS  without  detailed  investigation. 


The  canopy  is  made  from  nylon  coated  with  polyuretnane  elastomer.  As  stated 
previously,  nylon  is  used  extensively  in  the  manufacturing  of  parachutes. 
However,  its  use  as  a  substrate  to  polyurethane  is  not  as  well  known.  A 
laminate  of  polyester,  nylon  (polyamid),  and  polyurethane  has  undergone 
extensive  evaluation  as  part  of  Air  Force  Contract  AF30(602)-lj081i,  "Extremely 
Lightweight  Inflatable  »LF'  Antenna."  The  tests  were  conducted  in  accor¬ 
dance  with  MIL- STD-810.  They  included  high  and  low  temperature,  antenna 
pressure,  bounce,  shock,  rain,  humidity,  fungus,  sand  and  dust,  sunshine, 
salt  fog,  wind  load,  electrical,  and  performance  tests.  The  results  of 
these  tests  are  presented  in  GEP-13737^.  The  material  as  well  as  the  result¬ 
ing  structure  meets  all  of  the  requirements. 

Polyurethane  elastomer  has  been  qualified  for  use  in  the  Apollo  program  as 
a  gas  barrier  for  the  uprighting  bags.  In  this  particular  application,  the 
elastomer  is  used  with  a  woven  Dacron  substrate.  Thus,  its  performance— 
since  used  on  a  woven  material— should  be  the  same,  whether  nylon  or  Dacron 
yarns  are  used.  The  qualification  test  consisted  of  acceptance  test  and 
inspection,  humidity,  vibration,  vacua*  and  temperature,  acceleration. 


10£ 


b 


M^\nHbmerSi0n’  -r°f  Prpssure»  operating  life,  burst  strength  verifica¬ 
tion,  and  mission  simulation.  The  results  and  a  description  of  these  tests 

lSlTtAblTt?i  i"  (GER-I39U4),  "Qualification  Test  Report  Apollo 

Flotftlon  Packs,"  July,  1968;  and  GA556D-33  (GER-13123) 

ThTiifjri10*  lBSt  Re^>rt  088  PaCk»  Irifl*table  Flotation,"  16  March  1967 

^  be  capable  of  sustaining  the  earth,  space,  and  moon  environ¬ 
ments  as  well  as  launch  and  reentry.  *  environ 

CACSaCt-^i.efSS  C5TdrtelWere  raore  severe  than  ^ose  required  for  the 
to  I'am te6n  concluded  ^at  the  canopy  and  its  materials 
omply  with  the  environmental  requirement  because  of  its  similarity  to 
the  material  described  above.  o-unj-uirAiy  co 

The  lines  are  2-in-l  stable  braid.  The  braid  is  1/h  inch  in  diameter  and 
as  a  breaking  strength  of  1700  pounds.  The  line  is  fabricated  from  a 
polyester  shield  and  a  polypropylene  core. 

The  outer  braid  is  fabricated  from  a  polyester  material.  The  material  usph 
196^  Thus  aLtJlali!Lr0PC  !*iCh  qUalifies  MIL-C-1*3256A,  dated  25  May 

VXiT^Lu  can  be  a33"ed  40  qualUy bocauae  °r  ita 

The  PolyPfORylene  core  has  also  been  qualified  to  Mine  Defense  Laboratory 
Specification  2h68-003A(MDL)  dated  5  September  1969,  entitled  "Specification 
Rope-Nylon  Polypropylene,"  issued  by  the  Naval  Ship  Research  and  Develoranent/ 

puL^dtTuS  by^*biV'18P'ClflC8ti0"-  Therrfor<!.  «>i»  materl.1  con- 

ZT  because  it  hue  been  qualified  to  a 

0"cthe  materlals  1136(1  ln  the  parawing  subassembly  either  are 

hS^een^lified^eITnt  3pe'ification>  are  the  same  as  material  that 
th^t  a»  Government  specification,  or  are  similar  to  materials 

A  t0  Conditions  equal  tc  or  worse  than  those  required 

STh  Jh  CC*  Theral°re»  xt  can  be  concluded  that  this  subassembly  complies 
with  the  environmental  requirements.  pa 


CONTROL  UNIT 

■  —  i  t 

\ 

The  control  unit  subassembly  consisted  of  all  the  mechanical  and  electrical 
components.  The  GEE  items  while  contained  in  the  control  unit  were  not  con¬ 
sidered  since  their  acceptability  had  been  establisned  by  the  Army  a^d  were 
supoiled  as  qualiiied  hardware.  As  stated  previously,  the  detail  parts 
list  was  examined,  and  Military  Standard  parts  or  those  certified  by  the 
manufacturer  to  comply  with  the  MIL  STD  were  considered  to^adequL^ 

A^\TieTf  the  components  was  and  an  exempt  parts  list  wls 

^  “ere  c0n5lc!ered  qualify  because  of  the  reason 
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An  area  of  concern  was  the  susceptibility  of  the  assembly  to  salt  fog 
requirements.  In  the  design  and  fabrication  of  the  hardware,  the  battery 
was  sealed.  The  electrical  components  and  connections  in  the  logic  box 
were  coated  with  a  monitor  protective  coating  in  accordance  with  approved 
processes  (conformal  coating).  For  the  most  part,  the  backs  of  the  con¬ 
nectors  and  other  electrical  joints  were  potted.  In  addition,  the  complete 
system  was  located  within  an  aluminum  box,  through  which  only  the  control 
cables  passed.  The  antenna  housing  and  installation  area  were  protected 
by  means  of  an  elastomeric  membrane.  The  only  areas  which  could  possibly 
be  susceptible  to  salt  fog  were  some  qf  the  readily  changeable  connectors. 
As  stated,  these  were  located  within  the  aluminum  box  and  would,  under 
normal  circumstances,  not  be  exposed.  Therefore,  it  was  concluded  that 
adequate  protection  from  this  environment  had  been  offered  the  system  in 
accordance  with  the  requirements. 

A  random  unit  was  selected  and  instrumented  for  the  hot  and  cold  tempera-  - 
ture  tests.  The  tests  were  to  monitor  specific  voltages  and  cable  travel 
at  ambient  temperature  and  at  105  F  and  '’-2^  F. 

It  had  been  determined  prior  to  the  initiation  of  the  prograk  that  the 

««P»ble  of  operation  in  the  -25°F  environment.  Therefore, 
waiver  had  been  established.  However,  in  order  to  obtain  some  additional 
data,  the  batteiy  was  to  be  used  as  the  power  source.  During  the  fir^st 
experiment,  the  batteiy  voltage  dropped  below  a  minimum  (17  volts),  result- 
!^i.n.tn  unstable  electrical  circuit,  and  the  servo  operated  in  the  right 

*chanica1^  stopped.  ,  The  batteiy '  was  then  recharged 
and  the  cold  portion  of  the  test  repeated.  The  system  functioned  in  , 
accordance  with  the  required  cable  travel  at  all  temperatures. 

The  test  data  obtained  and  specific  procedures  used  are  as  follows. 

A  random  unit  that  was  complete  and  ready  for  delivery  was  selected  from 
the  assembly  area  for  the  hot  and  cold  temperature  tests.  Thermocouples 
were  installed  on  the  logic  box,  the  servo  amplifier,  the  servo  actuator, 
and  the  servo  batteiy.  The  unit  was  then  placed  in  the  ARC-WI  temperature 
chamber  and  connected  so  that  the  amount  of  pull-ih  could  beuneasured  and 
“L™*  Vs  stages  and  thermocouples  could  be  monitored.  In 

order  to  facilitate  operation  in  the  automatic  homing  mode,  the  transmitter 
was  connected  through  suitable  attenuators  directly  to  the  antenna  coimec- 
tore  on  the  control  box  so  that  a  left  or  right  error  signal  could  be 
simulated  for  automatic  homing.  Figure  27  shows  the  box  in  the  chamber 
during  the  test.  For  the  pull-in  measurement,  a  10-pound  weight  was  sus¬ 
pended  from  the  control  line,  and  the  travel  wa3  measured  by  means  of  at 
fixed  scale  mounted  behind  the  cable  (see  Figure  28).  The  thermocouples 
were  monitored  with  a  six-channel  IC  thermocouple  readout.  Figure  29 
shows  the  test  setup  including  the  digital  voltmeter  used  to  measure  the 
various  voltages.  For  voltage  monitoring  purposes,  a  cable  from  J9  on  the 
control  unit  was  brought  out  of  the  chamber  to  a  terminal  strip. 

The  test  proceeded  as  follows:  > 
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AmMont  temperature  (82°F)  measurements  of  voltages  and  pun-in  were 
'ocorded.  The  chamber  temperature  was  Jhen  increased  until  the  thermo- 
coS^  Indicated  between  l&F  and  l60*F.  This  temperature  was  maintained 
JorUhou^.  The  chamber  was  then  allowed  to  cool  until  ^therrnocouplea 
indicated  between  1X£°F  and  UU>°F;  this  temperature  was  maintained  for  1 
hour.  The  control  system  was  then  operated,  and  the  voltages  and  PuJ-Mj 
were  measured  and  recorded.  The  chamber  was  allowed  to  return  to  ambient 
temperature,  and  the  unit  was  inspected  and  operated  at  ambient  temperature 
(80^F).  The  results  of  this  test  are  given  in  Table  XXI  for  the  voltage 
measurements  and  in  Table  XXII  for  the  cable  travel  measurements. 

The  unit  was  then  ranoved  from  the  chamber  and  thoroughly  inspected.  The 
batteries  were  recharged,  and  the  unit  was  replaced  in  the  chamber  for  the 

cold  test.  ' 

The  test  setup  and  test  plan  were  the  same  as  those  use^for  the  high 
temperature  test  except  that  the  chamber  was  held  at  -6£F  for  lx  hours  and 
thenraised  to  -25°F  for  1  hour,  and  the  control  unit  operated  at  -25F. 
Th^meadurements  made  are  recoded  in  Tables  XXIII  and  XXIV.  The  control 
system  failed  to  operate  at  -2^F  due  to  failure  of  the  servo  battery.  The 
battery  voltage  dropped  radically  after  the  fourth  operation  of  the  servo 
actuator.  The  receiver  battery  voltage  is  also  seen  to  be  well  below 
hominhl  at  the  cold  temperature. 

After  the  failure,  the  chamber  was  thought  back  to  ambient  temperature, 
and  the  control  unit  was  removed  ajM  thoroughly  tested  with  no  discrepancies 
noted  other/than  the  battery.  TM  unit  was  tested  using  external  power, 
and  it  functioned  normally.  Tha/same  batteries  were  recharged,  the  unit  ( 
was  replaced  in  the  cHamber,  and  the  e old -temperature  test  was  repeated. 

?An  external  power  supply  was  kept  on  standby  in  case  of  a  repeat  of  the 
battery  failure,  but  the  system  functioned  on  the  internalbatteries  or 
the  second  test.  The  results  ofTthis  test  are  given  in  Tables  XXV  and  XXVI. 

Based  on  the  Initial  approach  of  compliance  by  design,  similarity,  use  of 
approved  or  MS  parts  and  procedures,  and  experimental  evaluation  vhere 
required,  it  is  concluded  that  the  unit  complies  with  paragraph  7  of 
change  1  to  AH  70$-l$  within  the  intent  of  this  program. 
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Figure  29.  Environmental  Test  Setup 
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{Pretest  Ambient 


Servo  Receiver  Regulated  Hi-Level  Relay  servo 
Jstie.y  Battsz - 22  TOC  Preset  Cogjn  pggLjJ 


Loss  Carrier 
Neutral 
Man. Left 
Man.  Right 
Auto  Left 
Auto  Right 


Loss  Carrier 
Neutral 
Man. Left 
Man.  Right 
Auto  Left 
Auto  Right 


30.55 

26.18 

21.62 

8.15 

30.18 

26.10 

21.70 

lo.7l 

30.U 

26.30 

21.71 

13.61 

3u.31 

26.13 

21.77 

8.16 

30.26 

26.01 

21.78 

13.06 

30.18 

25.91 

21.79 

8.69 

28.57 

28.16 

27.90 

27.79 

13.30 


22.71 

22.38 

22.28 

22.17 

22.00 


Servo  battery 
hard  right  turn. 


22.57 
20.38 
20. 1*2 
20.  ill 
12.51 


7.66 
10.10 
12.78 

7.67 
1.98 


26.31 
26.30 
26.19 
26.01 
25. 91 
25.81 


22.38 

22.31 

22.18 

22.10 

21.92 


completely  discharged;  system  stayed* in 


13.13 

11.10 

8.55 

13.32 

9.06 

12.87 


12.51 

10.60 

8.18 

12.60 

5.55 


TABLE  XXIV. 

CABLE  POLL- 

IW  MEASUREMENTS.  TXW-TEMPKRflTTmF  tppt  i 

Loss 

Carrier 

Neutral 

Manual 

Left 

Manual 

Right 

Auto  Auto 

Pretest  Ambient 

o 

2.75v 

0 

2.91 

2.83 

2.3l  2.23 

-25  F 

2.76 

-0.09 

2.88 

2.86 

Failed,  right 
cable  into 
stop 

Post-Test  Ambient  2.72 

(on  ert„  power) 

-O.09 

2.98 

2.76 

2.36  2.12 

1 
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TABLE  XXV.  VOLTAGE  MEASUREMENTS,  L(W -TEMPERATURE  TEST  2 


1  ADLiTj  AAV  # 

V 

Servo 

Battery 

Receiver 

Battery 

- 

Regulated 
22  VDC 

Hi -Level 
Preset 

Relay 

Common 

Servo 

Feedback 

Pretest  Ambient 

Loss  Carrier 

28.78 

25.01 

21.61* 

8.19 

2U.93 

13.2U 

Neutral 

28.79 

25.01 

21.66 

10.79 

2U.9U 

11.00 

Man. Left 

28.79 

25.01 

21.69 

13.59 

2U.95 

8.56 

Man. Right 

28.80 

25.01 

21.70 

8.17 

2U.9U 

13.28 

-25°F 

Loss  Carrier 

28.77 

2U.03 

20.37 

7.68 

23.8U 

12.58 

Neutral 

28.U1 

23.72 

20.1*7 

10.15 

23. 61* 

10.1*9 

Man.  Left 

28.26 

23.55 

20.19 

12.82 

23.  1*7 

8.19 

Man.  Right 

28.08 

23.3U 

20.50 

7.70 

23.27 

12.63 

Auto  Left 

27.95 

23.21 

20.1*9 

12.28 

23.1a 

8.67 

Auto  Right 

27.75 

23.01 

20.1*9 

8.18 

22. 9U 

12.20 

Post -Test  Ambient 

Lose  Carrier 

29.U6 

2U.50 

21.50 

8.05 

2U.38 

12.75 

Neutral 

29.20 

2U.12 

21.52 

10.63 

2U.0U 

10.09 

Man. Left 

28.62 

2lu0U 

21.1*9 

13.38 

23.96 

8.57 

Man.  Right 

28.56 

2U.50 

21.U6 

8.06 

23.92 

13.17 

Auto  Left 

28.67 

23.90 

21.U9 

12.88 

23.82 

8.9U 

Auto  Right 

29.27 

2U.20 

21.50 

8.58 

23.12 

12.60 

TABLE  XXVI. 

CABLE  PULL-IN  MEASUREMENTS .  LCW-T5MFERATUHE  TEST  2 

Loss 

Carrier 

Neutral 

Manual 

Left 

Manual 

Right 

Auto 

Left 

Auto 

Right 

Pretest  Ambient 

2.75 

0 

2.92 

2.83 

2.36 

2.25 

-2  5°F 

2.78 

-0.06 

2.9U 

2.80 

2.3U 

2.20 

Post -Test  Ambient  2.78 

-0.09 

2.93 

2.8U 

2.31 

2.2U 
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CONCLUSIONS 


At  the  initiation  of  this  effort,  a  requirement  existed  for  a  system 
which  could  deliver  up  to  500  pounds  of  payload,  by  air,  to  ground  under 
all  weather  conditions,  during  any  time  of  the  day  or  night,  and  under  a 
wide  range  of  battlefield  conditions  with  increased  aircraft  safety.  It 
is  concluded  that  the  system  developed  and  reported  herein  is  ready  for 
use  by  the  Army;  is  the  first  major  innovation  in  cargo  deliveiy;  provides 
aircraft  safety,  all-weather  capability,  and  clandestine  delivery  with 
pinpoint  accuracy. 

It  is  concluded  that  significant  technology  advancements  were  made.  It 
is  also  concluded  that  a  well  performing  base-line  vehicle  is  now 
available  for  the  testing  of  new  concepts  and  ideas  by  which  future 
improvements  or  changes  can  be  judged. 


RECOMMENDATIONS 


Based  on  the  experience  gained  during  the  program  and  in  line  with  the 
kray  requirements,  it  is  recommended  that  a  system  be  developed  for  the 
1000-  to  2000-pound  payload  range.  In  addition,  it  is  recommended  that 
a  value  engineering  effort  commence  to  reduce  the  cost  of  the  total 
systan  as  well  as  a  review  of  the  system  requirements  to  establish  the 
areas  in  which  increased  performance  is  not  worth  the  increased  equipment 
cost.  The  integration  of  the  last  two  efforts  would  result  in  a  system 
able  to  meet  the  major  Army  requirements  at  a  very  reasonable  price. 

As  is  always  the  case  in  the  development  of  an  initial  system  from  a  new 
technology,  many  areas  for  research  become  apparent.  These  areas  of 
research  are  necessary  for  major  advancement  in  the  concept.  Areas 
requiring  investigation  and  in  which  it  is  recommended  that  work  be  con¬ 
ducted  are  wind-tunnel  evaluation  of  wing  shapes,  dynamics  of  deployment, 
theory  of  reefing  and  reefing  techniques,  and  method  of  stress  analysis. 
Many  more  areas  of  technology  can  be  examined  for  technology  advance¬ 
ment;  however,  enough  technology  exists  to  advance  to  a  2000-pound  system. 

The  major  recowiendation  is  to  commence  the  2000-pound  system  develop¬ 
ment  to  assure  its  availability  to  the  Army  in  the  least  amount  of  time. 
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APPENDIX  I 
AERODYNAMIC  ANALYSIS 


INTRODUCTION 

A  pre flight  aerodynamic  analysis  of  the  single-keel,  all-flexible  parawing 
cargo  delivery  system  was  made  to  define  several  performance  characteris¬ 
tics  of  the  all-flexible  parawing  as  required  by  contract  definition. 

They  include  maximum  L/D  attainable,  effects  of  payload  drag  on  L/D,  ver¬ 
tical  descent  rate,  and  a  lateral  control  capability.  -The  analysis  is 
based  primarily  on  wind-tunnel  data,  due  to  the  limited  amount  of  flight 
test  data  available.  A  detailed  planform  diagram  including  the  location 
of  the  keel  and  leading-edge  lines  is  shown  in  Figure  30.  Use  of  a 
catenary -keel  panel  will  reduce  the  number  of  keel  lines  required  from  11 
to  6,  For  trim  flight,  the  current  method  of  rigging  a  single-keel  cargo¬ 
carrying  parawing  has  evolved  from  a  series  of  test  flights  conducted  by 
NASA-LrtC,  USAAVLABS  at  Fort  Eustis,  and  Goodyear  Aerospace  Corporation 
during  the  past  several  years.  The  present  single-Jteel  parawing  configu¬ 
ration  with  its  line  lengths  and  tension  coefficients,  as  determined 
during  these  preliminary  tests,  is  shown  in  Figure  31.  Also  shown  is  a 
preliminary  estimate  of  the  changes  to  be  expected  for  the  addition  of  a 
catenary -keel  panel.  Figures  32  through  37  are  the  parametric  curves  used 
to  define  an  operational  parawing  cargo  delivery  system.  These  curves 
include  the  following  parameters: 

1.  Resultant  velocity  versus  dynamic  pressure 

2.  Wing  Dlanform  area  versus  keel  length 

3.  Wing  planform  area  versus  payload  wei^it  versus  wing  loading 

U.  Pay load  weight  versus  keel  length  versus  wing  loading 

5.  Payload  weight  versus  keel  length  versus  resultant  velocity 

6.  Velocity  versus  L/D  versus  wing  loading 


L/t)  CHARACTERISTICS 

While  a  maximum  L/D  for  the  parawing  is  the  most  desirable,  this  also  pro¬ 
duces  a  system  with  the  maximum  response  sensitivity  to  control  forces  and 
movement.  Several  variables  determine  the  highest  L/D  attainable  by  an 
aIi“Hexikle  parawing  system.  These  include  line  rigging,  canopy  planforms 
and  inflated  shapes,  payload  configuration,  and  system  geometry.  Canopy 
planforms  and  inflated  shapes  have  been  studied  extensively  in  the  wind 
tunnel,  and  an  optimum  layout  having  a  sweep  angle  of  US  degrees  with  a 
1/8  Lk  nose  cutoff  has  been  standardized  (see  Figure  31)  for  the  single - 
keel  parawing. 

The  next  most  important  variable  in  designing  a  parawing  system  is  the 
line  rigging, which  also  affects  the  inflated  shape. 
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The  rigging  which  produced  the  maximum  I/D  during  wind-tunnel  tests  was 
used  as  a  baseline  for  the  free-f light  tests.  The  lines  were  then 
adjusted  to  obtain  the  best  overall  performance.  The  other  important 
variable  in  determining  best  overall  performance  is  the  drag  of  the  payload 
due  to  its  shape.  The  wind-tunnel  L/D  does  not  include  this.  Size  and 
shape  of  the  payload  will  determine  the  final  net  L/D  and  the  overall 
performance. 


Wind-tunnel  tests  of  the  all-flexible  single-keel  parawings  used  in  ohis 
program  have  shown  that  a  maximum  L/D  of  2.7  is  obtainable  at  dynamic  pres¬ 
sures  near  2.0  with  no  payload  or  control  boot  included.  The  control  box 
has  been  designed  for  a  minimum  drag  using  rounded  edges  and  a  minimum  for¬ 
ward  projected  surface.  All  payload  drag  estimates  have  been  based  on 
standard  shapes  which  can  be  fitted  into  an  Army  A21  capvas  container.  The 
payload  shapes  and  their  associated  drag  coefficients  which  were  considered 
in  this  analysis  are  shown  in  Figure  38. 


The  estimated  L/D  characteristics  of  the  single-keel  parawing,  includir*  the 

i^ag  ~~~ition  {r?p:  the  c°ntro1  box  and  payload, are  shown  in  Figures  39  and 
b  •  -*iicctive  flight  L/D  based  on  the  premise  that  the  parawing  system 
will  move  along  an  S-shaped  trajectory  along  the  horizontal  plane  with  a 
maximum  deviation  from  the  target  of  +10  degrees  reduces  the  L/D  by  1.5 
percent.  These  theoretical  esLimates“indicate  that  the  single -keel  para- 
wing  system  under  development  will  exceed  the  contract  performance 
effective  L/D  requirement  and  will  approach  the  design  objective  of  2. it. 

The  twin-4ceel  paraw^ng  is  expected  to  increase  the  L/D  by  at  least  20 
percent.  For  this  parawing  system  with  L/D  between  2.3  and  2.7,  the 
vertical  descent  rate  will  be  approximately  20  feet  per  second. 

The  effect  of  wind  on  the  glide  path  is  shown  in  Figure  1*1.  This  figure 
is  a  plot  of  the  horizontal-to-vertical  velocity  ratio  (VHfAv)  versus  the 
ratio  of  the  wind  velocity  to  the  resultant  glide  velocity  (Vu/Vr)  for 
various  values  of  L/D.  It  is  apparent  from  this  figure  that  a  high  L/D 
and  a  high  glide  velocity  are  desirable  to  penetrate  winds. 


LATERAL  CONTROL 


Control  of  the  all-flexible  parawing  delivery  system  is  limited  entirely 
to  lateral  control  using  the  technique  of  controlling  the  length  of  the 
aft  leading -edge  lines.  The  amount  of  length  adjustment  required  for  the 
desired  control  varies  greatly  between  wind-tunnel  and  free  flight  avail¬ 
able  data  as  shown  in  Figures  h2  and  L3. 

Data  obtained  from  the  early  flight  tests  at  Fort  Eustis  is  shown  in 
Figures  hk  and  U5.  These  figures  show  control  line  displacement  versus 
time  for  a  360-oegree  turn  with  a  wing  loading  of  0.7.  Figure  hS  was 
used  in  determining  the  flight  bank  angle  in  conjunction  with  the  following 
analytical  technique. 


120 


\ 


The  turning  radius  and  time  to  turn  360  degrees  may  be  computed  from 


R  =  — 

g  tan 


(3) 


R  »  turning  radius  in  feet 
VR  -  velocity  in  feet  per  second 

g  -  acceleration  due  to  gravity  in  feet  per  second  per  second 
\p  -  bank  angle 


t  .  uo 


(h) 


where 


t  -  time  to  turn  360  degrees 


The  turning  radius  and  the  time  to  make  a  _  .  ..  .  . 

W  Mint  8Ud.  celJSue, 

The  euttinum  tank  or  roll  angle  ta  ,3.md  to  5o  degr^f,r?M,  Zi. 

Sr *•**— o'  srstsraj? r 

A  typical  configuration  is  shown  in  Fleur*  JiQ  lh+k  +u _ 4  , 

S°;,^^cr^o^dnio;nw^ora  ^ 

to  reeiet  the  torque  produced  by  the  unbelted  STl”  ^ceef  "’1  PaCk*8' 

f^?°?Plusl0"*  *5®  Preliminary  aerodynamic  analysis  performed  has  shown 
W  with  SSlif  °f  Vb  greater  than 

fbe,  and  100-foot  tu^’radi^SpSS  ‘J*",  l? 

extent  that  the  deaign  requirmert.  can  be  ^  ““"***  40  th' 


b0  =  1.1*1 


Figure  30.  Model  of  Parawing  Having  ./\_0-  h5° 

Nose  Cat  off. 


and  1/8  1^ 
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Figure  31.  Single-Keel  Parawing  Dimensions,  18-Foot  Keel 
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Figure  32,  Resultant  Velocity  Versus  Dynamic  Pressure, 
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Figure  33.  Wing  Planform  Area  Versus  Keel  Length. 
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Figure  3U.  Wing  FLanforra  Area  Versus  Payload  Weight  Versus  Wing  Loading. 
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Figure  36.  Payload  Weight  Versus  Keel  Length 
Versus  hesultant  Velocity. 
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Figure  38.  Drag  Coefficients. 


130 


1.6  — 


§  1.5 


r  -  Maximum  L/D  as  obtained  in  wind-tunnel  invest! 
\  gations  (both  with  and  without  payload) 
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Figure  39.  Performance  Characteristics  . 
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Figure  UO.  l8-Foot  Single  Keel  Parawing  Performance. 
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Figure  Ul.  Effect  of  Ground  Wind  on  Glide  Path  . 
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Figure  Ij2.  Bank  Angle  Versus  Control  Line  Retraction 
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Figure  U5*  Control  Line  Displacement  Versus  Turning  Radius. 
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Figure  U7.  Turning  Time  Versus  Glide  Velocities  for  Various  Bank  Angles, 


.38 
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Figure  U8.  Control  Line  Displacement  Versus  Loading. 


Figure  Typical  Configuration. 
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APPENDIX  II 

PARAWING  WIND-TUNNEL  TEST, 5 


SIMMARY 

GAC,  in  conjunction  with  NASA-LRC  personnel,  conducted  a  ij— day  preliminary 
flight  test  program  in  the  30'  x  60»  full-scale  tunnel. 

The  purpose  of  this  program  was  to  trim  out,  for  flight,  five  variations  of 
parawings.  These  included  one  each  of  the  following  items: 

1.  Standard  single-keel  parawing 

2.  Single-catenary-keel  parawing 

3.  Twin-keel  parawing  -  center  area  -  1/3  total  area 

h.  Twin-catenary-keel  parawing  -  center  area  -  1/3  total  area 
5.  Twin-catenary-keel  parawing  -  center  area  -  1/2  total  area 

Due  to  the  limited  time  available,  optimization  of  L/D  performance  was 
not  attained.  All  five  parawings  were  flown  and  trimmed  out  with  data 
taken  at  wind  speeds  from  35-60  feet  per  second.  (Wing  loadings  from 
1.1*  to  U.05  pounds  per  foot2  wore  displayed.)  The  data  obtained  fits  the 
pattern  « f  previously  published  data  obtained  in  this  wind  tunnel.  In 
addition,  two  systems  of  rigging  the  parawing  to  the  payload  were  tested 
with  no  apparent  difference.  The  rigging  established  was  very  close  to  the 
llna  lengths  shown  on  the  preliminary  drawings  used  to  fabricate  these 
first  parawings. 


INTRODUCTION 

GAC  conducted  a  Way  preliminary  flight  test  program  in  the  Langley  full- 
scale  30'  x  60 ’  wind  tunnel  on  several  all-flexible  parawing  configura¬ 
tions.  The  purpose  of  this  flight  test  program  was  to  study  comparative 
performance  of  several  parawing  configurations  and  to  evaluate  various 
payload  rigging  techniques.  The  results  of  this  program  were  used  in 
the  initial  phase  of  the  CACS  flight  test  program. 

Both  single- and  twin-keel,  full-scale  parawings  were  tested,  with  and  without 
catenary -keel  panels.  All  configurations  were  trimmed  out,  and  a  minor 
effort  was  made  to  optimize  the  L/D  due  to  the  limited  duration  of  the  test 
program. 

This  appendix  documents  the  results  of  the  parawing  test  program  conducted 
by  GAC  and  NASA  personnel  during  the  period  6-11  June  1968.  Included  are 
descriptions  of  the  test,  plots  of  the  reduced  data,  and  CAC's  interpreta¬ 
tions  of  the  test  program  results. 
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TEST  PROCEDURE 


All  tests  were  conducted  in  the  open  throat  section  of  the  Langley  full- 
scale  30'  x  60'  wind  tunnel.  A  tunnel  speed  of  35  feet  per  second  was 
required  to  fly  the  parawings  and  to  overcome  the  weight  of  the  canopy 
material  and  steel  suspension  lines  (approximately  50  pounds).  Once  the 
parawing  was  inflated,  the  line  lengths  were  adjusted  until  a  stable  trim 
condition  existed.  Initial  line  length  adjustments  were  made  manually, 
while  final  changes  were  accomplished  using  tumbuckles.  Some  manual 
assistance  was  required  in  stabilising  the  parawing  until  a  trimned  condi¬ 
tion  was  obtained. 

All  initial  test  runs  were  conducted  at  a  tunnel  speed  of  35  feet  per 
second.  Additional  runs  were  made  at  tunnel  speeds  of  1*0,  U5,  50,  55,  and 
60  feet  per  second.  If  the  nose  would  tend  to  buckle  under  at  higher 
velocities,  the  tests  were  stopped,  and  additional  rigging  changes  were 
attempted.  Flow  dynamic  pressures  of  l.U  up  to  lu05  were  obtained  during 
the  test  runs.  During  all  tests,  lift  and  drag  data  was  obtained  for  later 
reduction.  Tares  were  obtained  before  and  after  each  set  of  runs  to  insure 
data  accuracy.  At  the  conclusion  of  the  test  program,  a  dynamic  pressure 
survey  of  the  test  section  was  made  to  determine  any  adverse  effects  due 
to  the  open  section  on  the  tunnel  floor.  No  flow  field  variations  were 
found;  thus,  the  tunnel  flow  was  assumed  to  be  horizontal. 


DESCRIPTION  OF  PARAWINGS  TESTED 


Six  parawing  configurations,  including  three  single  and  three  twin  keel, 
were  tested, including  five  actual  parawings.  Figure  50  shows  the  canopy 
shapes  obtained  during  the  test  program.  Figure  51  is  the  twin-catenary- 
keel  parawing  showing  the  test  setup. 

A  summary  of  the  important  physical  features  of  the  parawings  tested  is 
presented  in  Table  XXVII. 


PHYSICAL  CHARACTERISTICS  OF  THE 

PARAWINGS  TESTED  AT  THE  WIND  TUNNEL 

TABUB  XXVII. 

Typo 

Catenary 

®RE7  No.  of  Suspension  Lines 

Single 

No 

18 

220 

23 

Single 

Yes 

18 

220 

18 

Single 

Yes 

16 

180 

18 

Twin 

Yes 

16 

270 

2h 

Twin 

No 

16 

270 

3h 

Twin 

Yes 

16 

370 

2h 

Ih2 


Figure  5l.  Wind-Tunnel  Test  Setup 


All  parawings  were  rigged  to  a  model  of  the  actual  flight  control  box. 
Leading-edge  lines  were  suspended  from  the  sides  of  the  control  box  wnile 
the  keel  line  suspension  was  changed.  Two  methods  of  rigging  the  keel 
lines  were  used  with  no  apparent  effect  on  the  performance  of  the  para¬ 
wings.  The  first  attached  the  keel  lines  alternately  from  the  front  and 
a  rear  suspension  points,  while  the  second  added  an  additional  No.  U  keel  line 
to  allow  for  rigid  forward  and  aft  rigging  as  shown  in  Figure  52. 


Figure  52.  Keel  Rigging  for  Wind-Tunnel  Tests 

All  suspension  lines  were  of  l/8-inch-diameter  steel  cable  to  eliminate  the 
line  stretch  as  one  variable  in  the  tests. 

PRESENTATION  OF  DATA 


The  reduced  data,  which  includes  lift-to-drag  ratio  (L/D),  lift  coefficient 
(Cl),  and  drag  coefficient  (Cp),  is  presented  in  Figures  53  through  57. 
Lift-to-drag  ratio  is  shown  in  Figures  53,  5U,  and  55  as  a  function  of. 
dynamic  pressure  for  each  configuration  tested.  Lift  and  drag  coefficients 
in  the  drag  polar  form  are  presented  in  Figures  56  and  57  for  both  the 
single-  and  twin-4ceel  parawings  tested.  Line  lengths  which  correspond  to 
the  best  trimmed  condition  obtained  for  each  configuration  are  listed  in 
Table  XXVIII. 
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DISCUSSION  OF  TEST  RESULTS 


The  parawing  wind-tunnel  test  results  have  established  that  the  performance 
characteristics  of  the  parawing s  tested  compared  favorably  with  those 
obtained  by  Northrop  Ventura  on  their  15-foot  keel  length  models*  These 
facts  were  established  with  the  assistance  of  NASA  wind-tunnel  personnel 
during  the  test  program.  Due  to  the  short  duration  of  the  test  program, 
no  significant  attempt  was  made  to  vary  the  lengths  of  the  keel  and  aft 
lines  in  a  systematic  process  to  optimize  L/D*  Therefore,  major  emphasis 
was  placed  on  the  adjustment  of  line  lengths  to  obtain  a  trimmed  configu¬ 
ration  with  a  smooth  canopy  surface.  The  results  presented  then  are  not 
representative  of  optimun  performance. 

Figures  53,  5U,  and  55  show  L/D  characteristics  obtained  for  each  single- 
and  twinJceel  parawing  tested.  Shown  in  Figures  53,  5U,  and  55  is  the 
relative  comparison  between  the  single-keel  parawing  with  and  without  a 
catenary.  No  significant  differences  are  evident  in  the  performance  char¬ 
acteristics  between  the  two  wings;  however,  an  examination  of  Table  XXV III, 
which  lists  the  line  lengths  of  the  two  wings, has  shown  that  a  2-percent 
shortening  of  the  tip  lines  on  the  catenary-keel  parawing  was  made.  Pre¬ 
vious  wind-tunnel  results  have  shown  that  a  shortening  of  the  tip  lines 
would  increase  L/D  approximately  10  percent.  If  this  rule  is  adhered  to, 
then,  based  on  the  data  presented,  it  is  concluded  that  the  catenary -keel 
panel  will  slightly  degrade  performance.  This  could  occur  because  of  the 
added  drag  on  the  cate  nary -keel  panel  and  a  change  in  the  flow  character¬ 
istics  over  the  nose  region.  Figure  53  also  shows  that  the  weight  of  the 
steel  lines  in  the  nose  was  detrimental  in  that  the  lightly  loaded  nose 
tips  were  pulled  down,  thus  degrading  performance.  It  was  concluded  that 
lightweight  pylon  lines  should  be  used  in  the  nose  region  to  obtain  an 
improved  trimmed  configuration. 

Also  shown  in  Figure  53  is  the  effect  of  a  modified  rigging  technique  in 
which  the  keel  lines  were  not  alternately  attached  to  the  front  and  rear 
suspension  points.  The  modified  rigging  had  the  Nos.  1,  2,  3,  and  U  keel 
lines  attached  to  the  forward  suspension  point.  The  Nos.  U,  5,  and  6  keel 
lines  were  attached  to  the  rear  or  aft  suspension  point.  No  significant 
line  length  changes  in  the  keel  panel  were  required  to  trim  out  this  con¬ 
figuration  and  no  significant  performance  changes  were  noted.  The  slight 
reduction  in  L/D  is  within  the  data  accuracy  of  the  test. 

Figures  56  and  57,  which  are  drag  polar  curves  of  the  aerodynamic  coeffi¬ 
cients  and  Cj),  show  that  the  single-keel  parawing  test  results  did  give 
consistent  data.  Comparison  of  this  drag  polar  curve  with  other  wind-tunnel 
data  on  single-keel  parswings  as  furnished  by  NASA -Langley  tunnel  personnel 
during  the  test  program  showed  that  the  data  did  compare  favorably.  This 
data  showed  that  a  true  optimum  L/D  was  not  obtained.  There  appeared  to  be 
no  reason  why  higher  L/D's  could  not  be  obtained  had  the  test  program  dura¬ 
tion  been  longer. 

The  reduced  data  on  the  twin^ceel  parawing  is  presented  in  Figures  5U,  55, 
and  57.  L/D  characteristics  of  the  small  twin-keel  parawing  (see  Figure  5U) 
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the  cate  nary -keel  version.  Previous 3  percent  shorter  for 
shortening  of  the  aft  keel  line  decreased’h^hv  f^63  have  shown  that  a 
showed  only  about  a  5-percent  reduction  r/n^J?  The  dat^ 

catenary-keel  panel  did  not  degrade  r  rfnrm  lflich  indlcated  that  the 
fomance  on  the  twin-keel  paraSng  Thfh^Tt  1Jftead  imi^oved  per- 
twin-keel  parawing  was  the  higSst  obSn^  H  °"the  high-aspect-ratio 
^gure  57,  which  is  a  drag  ££  the  test  pr°gram* 

pared  to  that  of  other  twinSeel  confi^urAt?"*66*  Conflgurations»  was  com- 
with  no  significant  differences  being  noted^"3  d  ^  the  ^  tunnel> 

trend  towar^high^^L/STSth  Sc^sing™™^31^  defined*  A  general 

^  ie3t  result8*  Reasons  for  some  rrns  delS  Pressure  was  evident  from 

entbatoo^  be  due  to  the  nose  tucking  under  and^IT  h  ar®  n0t  appar~ 
°f  the  wing  to  stall.  S  under  and  the  subsequent  tendency 

effort.  ^  Pre3entS  *  summar3r  of  hhe  data  obtained  during  the  wind-tunnel 
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O  Steel  suspension  nose  lines 
Nylon  suspension  nose  lines 

16-lt  twin  keel  reefed  into 
single-keel  configuration 
(SP  -  180  ft2) 


Dynamic  rressure  (  psi) 
(a) 


2.1i 


18-Ft  Single-Catenary  Keel 
Sp  -  222  Ft2 


2.2 


2.0 

1.8  i  I 

0  1 

Figure  53. 


O  Steel  suspension  nose  lines 
LI  Itylon  suspension  nose  lines 

-  Standard  rigging  to  box 

- Modified  rigging  to  box 


2  3  U  5  6 

Dynamic  Pressure  (psf) 

(b) 

L/D  Versus  q  for  18-Ft  Single-Keel  Parawings. 


U*8 


Figure  55.  L/D  Versus  q  for  16-Ft  High -Aspect- 
Ratio  Twin-Catenary  Keel  Parawing. 


Lift  Coefficient 


Figure  $6 .  Cj,  Versus  Cq,  Single-Keel  Parawing. 
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A  X 
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CL/D'b  -  3.3) 


rv 


Data  of  other  twin- 
keel  parawings  tested 
at  LRC  is  bounded  by 
this  region. 


16-ft  high-aspect-ratio  twin- 
catenary  keel,  Sp  -  370  ft T 

16-ft  twin  catenary  keel, 

Sp  -  270  ft2 

16-ft  twin  keel,  Sp  -  270  ft2 


Drag  Coefficient 


Figure  57.  CL  Versus  CD  Twin-Keel  Parawings. 
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Twin  Keel  Twin  Keel  Large  Twin  Keel 

Without  Catenary  With  Catenary  With  Catenary 
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TABLE  XXIX.  PARAWING  WIND-TUNNEL  FLIGHT  TEST  RESULTS 


Velocity 

Configuration 

(Ft/Sec) 

(Lbs)  L 


1 

Reefed  Twin-Catenary  Keel 
(TCK)  Sp  -  180  Ft2 

35 

1.1* 

309 

2 

n 

1*0 

1.81* 

301* 

3 

w  2 

1*5 

2.36 

353 

1* 

TCK  Sp  -  270  Ft 

35 

1.1*3 

31*1* 

5 

n 

l*o 

1.91 

1*87 

6 

it 

1*5 

2.1* 

562 

7 

n 

5o 

.  yi.89 

665 

8 

n 

l*o 

1.8 

1*79 

9 

ft 

U5 

2.29 

611* 

10 

ft 

5b 

2.89 

71*1* 

11 

n 

55 

3.1*1 

901 

12 

ft 

60 

1*.02 

101*6 

13 

tt 

ho 

1.8 

1*63 

Hi 

n 

1*5 

2.29 

575 

15 

ft 

Uo 

1.81* 

1*75 

16 

tt 

1*5 

2.33 

596 

17 

ft 

35 

1.1* 

359 

18 

tt 

0 

ho 

1.81* 

1*68 

19 

TK  Sp  -  270  Ft 

ho 

1.82 

1*82 

20 

» 

1*5 

2.33 

609 

21 

n 

50 

2.81* 

721 

22 

n 

55 

3.5 

903 

23 

tt 

1*0 

1.8 

1*77 

21* 

n 

i*5 

2.31* 

597 

25 

n 

5o 

2.82 

711* 

26 

Single  Catenary  Keel 
(SCK)  Sp  -  220  Ft2 

35 

1.36 

276 

27 

ft 

1*0 

1.8 

359 

28 

ft 

1*5 

2.29 

1*1*9 

29 

ft 

35 

1.38 

283 

30 

ft 

1*0 

1.8 

363 

31 

ft 

1*5 

2.29 

1*1*9 

32 

SCK  Sp  -  220  Ft2 

35 

1.33 

279 

33 

n 

1*0 

1.78 

366 

3h 

n 

1*5 

2.29 

1*65 

35 

n 

o 

5o 

2.75 

51*7 

36 

SK  Sp  -  220  Ft 

35 

1.35 

282 

\ 


appendix  m 

STRESS  ANALYSTS 


INTRODUCTION 

and  LangJay  Resear^Gmter?  ^streL^anal^is  ^  G°°dye&r  AerosPac« 
PMwrlng.  Prom  this  basic  analysis  thlSS-!  T  ?n®  on  the  single-keel 
for  the  twin-keel  wing/ ThTan^L^! *  calcul#tion8  "ere  done 
keel  length  of  18  feet,  having^total  SrSf  fQr  *  81ngle»  theoretical 
feet.  The  single-keel  narawintr  „  9urffce  ar®a,  Sp,  of  220  square 
and  the  total  system  weight  includ?™^*5™310?  llnes  wei6hed  20  pounds, 

k~i  •  S8° pounds-  ®» 

length  of  16  feet.  Included  are  ealSift?/  J  a  theoretical  keel 
*nd  '-W  *■*»«  «d  15.0  g  M.p.nSS^S^:0  8  3“,p'“io|,  llM 


GENERAL 


d.pe~l.nt"SpSr?SnfSr^iJnf^1^dC°^^ll™>  g~i»tiy  of  vhich  is 
xlng  shape  during  descertTon.  *»  th. 

!*nts.  *  amplified  theoretical  ^  0,1  •*l*ri>»whtal  aenoure- 

stnictural  assets  of^^^nj't^j?  "q“iJ"<i  “>  the 

as  the  length  of  the  suspension  lines  tS'SSf*  "5"“  (auch 

wind  pressure,  etc.)  ar.^”ie  «2  n??5l£‘tUCkt  °*  <•**» 
on  the  assumption  that  the  leading  ,  lowing  ““lysis  is  based 

thet  the  angle  of  attack is1£  T”  str*ight  “■*>.  «* 

~kee  with  the  path  alo*  uhioh  thfla^id^  PJfS  tm  "*  Me“ 

the  suepenoion  line  lengths  here  to  be  nodified'.M^i^i  Mureptlon, 
other  requirements  of  the  problem  Th«  d  l  ghtly  to  conform  to 
dtah  lob.  being  .  portlon  oT^c^YuS 


<r 


AIRLOAD  DISTRIBUTION 

The  component  of  the  airload  normal  to  th«, 

nitted  symmetrically  in  each  lobe  to  tin.  18  assumed  40  be  trans- 

£’JS5J».1"  “*  13  — d  to  be^SaJlnX  ? 

X  re°^S,*I;  %  “■  airload'  <>•  *  to  the  location  of 


«'  -  3a  -  1 


(5) 


The  resultant  load  distribution  is  shown 
from  symmetiy  that  the  relationship  betw« 
and  the  aerodynamic  center  of  pressure  i« 


Figure  60.  It  apparent 
the  resultant  load  location 
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Pigare  58.  Sketch  of  Inflated  Single -Keel  Wing  and  Sketch 
Plan  View  of  Single-Keel  Wing  (Flat  Pattern). 


l56 


E 


a"V‘«K3dj  *•»■>,*»»<« 

) 


2 

co a  o 


(6) 


“SeTtoC  £!«SSStM£5  TTdSe™?  Praasur.  fro™  the 

attack  aa  outlied  if  RtfSkc.  ?  <»eL  JS  2  a"ele  2f, 

.0^535,  and  0.531  for  angles  of  attack  “  25 It  S&, iffi™  “  Qm57h> 

The  Cp  for  an  angle  of  attack  (oC  )  0f  27  5  degreas  respectively. 


Cp  -  0.0002067cC  2  -  0.0163025^  +  0.85236 


(7) 


Cp  -  0.560 


(8) 


Having  assumed  that  each  leading  edge  take 
the  maximum  intensity  q'  may  be  found  from 


one-fourth  the  total  airload 
the  equation 


1 


V2  Qo  I*K  "  wt/l* 

(9) 

%'  -  V2% 

(10) 

^^SS^fthTSSU*^  aZ^ioT^f ' »?  *«*«•«.  that 
trol  bar.  Ih.  ayste™  .eight  <Wt>  i,  md.  ap  J  " 


Payload 
Control  Bax 

Parawing  &  Suspension  Lines 


500  lbs 

60  lbs 

20  lbs 


Wt  -  580  lbs 


Then, from  equation  (10), 


,  580 

<Jo  "  7TT5TT? 


(11) 


<?£  -  1.31*25  lb/in 


(12) 
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PARAWING  GEOMETRIC  RELATIONSHIPS 


To  determine  the  structural  loaHq  in  •  ,  . 

tionships  of  the  fully  Inflated  vring  iSst  ftrst^e'e^MiSer'InH  .I1*' 

g  ™  figure  61,  the  following  relationships  can  be  established; 


Arc  ABC  -  21^  sin  22.5° 

(13) 

Arc  ABC  »  R  (TT  +  2  0) 

(lii) 

tan  0  ■  r/h 

(15) 

tan  0  -  r/l^ 

(16) 

Ic  ■  %  cos  22.5° 

(17) 

Equating  equations  (13)  and  (lty,  we  obtain 

2  Lk  sin  22.5°  -  i<TT  +  2  0) 

(18) 

Dividing  equation  (18)  by  equation  (15),  we  obtain 

( 


i 


Let 


Equation  (19)  yields 


2  Lk  sin  22.5 

- h(*rr  +  2  0) 

@  -  'if  +  2  0 


(19) 

(20) 


’P  cot  p/2  =  2  Lk  sin  22.5°/h 


(21) 


sra/srss  ;r.pr^br;r^  2  r 

^S?hfSafnd"tHnne\datal,the  dlStanCe  °f  the  contr°1  box  fromSt“  ^e* 

of  the  leading  edges  is  assumed  to  be  1.2L5  Lv  .  ®  pxane 

center  of  gravity  of  the  system  must  be  on  a  ?ertical  line  thpg<,  th® 
figuration  can  be  established  as  shown  in  Figured  1  U  ®’the  system  con- 
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'^sek*!»3*kt£a*Si, 


Using  the  theoretical  nose  of  the  parawing  as  the  origin  of  the  coordinate 
system  x,  y,  and  z,  as  shown  in  Figure  62,  the  coordinates  of  cable  attach 
points  to  both  the  parawing  and  the  control  box  can  be  determined.  From 
this  lata,  suspension  line  direction  cosines  can  be  determined.  The  sus¬ 
pension  lines  are  oriented  such  that  the  starboard  leading-edge  lines  attach 
to  the  starboard  side  of  the  control  box,  and  the  port  lines  attach  to  the 
port  side  of  the  box.  Keel  line  No.  7  attaches  to  the  forward  end  of  the 
control  box,  with  each  subsequent  line  alternating  between  attachment  to 
the  aft  and  forward  end  of  the  box. 

From  Figure  62 it  will  be  noted  that  h  =  1.2 1*5  Lg.  Then  from  equation  (21) 


"/?  Cot  ^  (0.38268)  -  0.611,7 5 

from  which 


(22) 


£  -  199°  -  59' 


(23) 


Then  from  equation  (20), 


0 


ULzHl 

2 


-  9°  -  59.5' 


(2U) 


Using  the  values  for  f3  and  0  obtained  in  equations  (23)  and  (21*),  values 
for  R,  0,  and  a  can  be  determined  from  equations  (15),  (17),  (l6),  and 
(  6 )  respectively. 

r  =  1.21*5  LK  tan  9°  -  59.5'  -  1*7.38  in.  (25) 

1^,  ■  216  x  .92388  -  200  in.  (26) 

0  “  tan"1  <  “  )  -  13°  -  20 '  (27) 


.560 


(.97301*) 2 


.591 


(28) 


The  coordinates  for  line  attachment  locations  on  the  control  box  are 
determined  as  follows. 
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Xq 

“  +  1.2U5  Lp  cot  T 

=  lli3.9  in. 

(29) 

yd 

m  10.2  in. 

(30) 

2) 

“  l»2li5  Lj(  =  268.9  in. 

(31) 

*E 

*  Uj’.9  -  10  11/16  cos (oc. 

-  )  =  133.3  in. 

(32) 

ye 

■  Yp  =  0 

(33) 

h 

*  268.9  +  10  11/16  sin(oc 

■  ^  )  ■  269.8  in . 

(31*) 

Xp 

■  11*3.9  +  10  11/16  cos(<X- 

-  )  m  151*.  5  in . 

(35) 

ZF 

■  268.9  -  10  11/16  sin(<x. 

-  )  =  269.0  in. 

(36) 

^ntsC2l™"th.e3l(T  ^f0  62>  for  ^pension  line  attachment 

ooints  alonp  the  lead  inn  edpe  are  determined  by  the  expression 

t 

x.  -  x.  cos  20 
1  1 

(37) 

1 

*i  =  0.8936  xj 

(38) 

where  x*  is  the  distance  of  the  ooint  under 
the  narawing  measured  along  the  leading  edge 

consideration  f*rcn  the  aDex  oi* 

•  v  • 

The  Y  coordinates 

of  the  sane  points  can  be 

expressed  as 

I'd  a  y|  sin  20 

(39) 

Yj_  a  0.^88  yr 

(1*0) 

Th?  'l  coordinate?  for  all  points  alrng  the  leading  edr*  are  zero. 


(hi) 
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where  xi  is  the  distance  of  the  keel  attachment  from  the  apex.  The  Y 
coordinates  are  zero.  The  Z  coordinates  can  be  expressed  as  (see  Figure  62) 


Z.  -  sin  20  (U2) 

1  i* 

Z±  -  -.075  Xi  (1*3) 


Table  in  summarizes  these  values. 


TABLE  XXX.  COORDINATES  OF  SUSPENSION 

LINE  ATTACHMENT  POINTS 

— — —  ■  v  -  — 

Line  Attachment  Point 

Coordinates  of  Attachment  Point 

X 

Y 

z 

Control  Package  D 

11*3.9 

10.2 

268.9 

E 

133.3 

0 

269.8 

F 

151.5 

0 

269.0 

Leading  Edge  1 

3l».l 

12.1 

0 

2 

65.9 

23.3 

0 

3 

97.7 

3l*.7 

0 

l» 

129.5 

1*5.9 

0 

5 

161.2 

57.2 

0 

6 

193.0 

68.5 

0 

Keel  7 

27.0 

0 

-  2.0 

8 

1*5.9 

0 

-  3.U 

9 

61*. 8 

0 

-  1*.9 

10 

83.7 

0 

-  6.3 

11 

102.7 

0 

-  7.7 

12 

121.5 

0 

-  9.1 

13 

U*0.1* 

0 

-10.5 

ll* 

159.3 

0 

-11.9 

15 

173.2 

0 

-13.1* 

16 

197.1 

0 

-lii.8 

17 

216.0 

0 

-16.2 

161* 


Using  the  expressions  for  the  determination  of  the  suspension  line  coor¬ 
dinates,  the  line  lengths  and  direction  cosines  can  be  determined.  These 
values  are  summarized  in  Table  XXXI* 


CANOPY  AND  SUSPENSION  LINE  LOADS  FOR  1.0  g  LOADING 

The  load  distribution  shown  in  Figure  63  is  distributed  along  the  leading 
edge  and  keel.  The  load  is  then  distributed  to  the  line  attachment  points, 
and  line  loads  and  wing  canopy  loads  are  determined  at  these  points.  From 
equations  (5)  and  (28). 


and 


a'  -  3  X  .591  -  1  -  .773 


m 


q£  -  1.3U25  lb/in. 


(US) 


from  equation  (12). 

From  the  above  equations,  the  area  of  the  triangles  and  trapeaoids  (air¬ 
loads)  can  be  found  and  distributed  equally  at  each  attachment  point 
(see  Tables  XXXH  and  XXXIH). 

Of  the  forces  in  Tables  XXXH  and  HITTI,  those  applied  at  points  on  the 
keel  are  parallel  to  the  unit  vector  (0,0,1),  and  those  applied  at  points 
on  the  leading  edge  are  parallel  to  the  unit  vector  (sin  20  sin  0, 

-sin  20  cos  0,  cos  20)  or  (0.07881,  -0.33657,  0.93979). 

The  tensions  in  the  suspension  lines  may  be  found  from  the  direction  cosines 
of  the  lines  and  the  loads  of  Tables  XXX IT  am  XXXIII  and  their  direction 
as  follows:  let Jal  be  the  canopy  load  (pounds)  taken  by  a  certain  line  and 
be  a  vector  (see  Figure  6l»).  Then  for  equilibrium  along  the  line. 


7  •  a,  -|I|  (U6) 

or 

|7|*  x,  •  a(-|a|  H7) 
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TABLE  XXXI*  LENGTHS  CTHECTIC**  COSINES  OF  SUSPENSION  LT!,ES 


CO  cm  rH  cm  On  CD 
On_J  CM  rH  CO  c 
CO  CO  NO  CO  CM  t'- 
On  On  On  On  On  On 


XA  O  O  f—  On  N-  On  NO 
CO  -3  CO  On  On  N-  CO  C 
NO  On  On  On  On  CD  CD  nO 
On  O.  On  On  On  On  On  On 


-3  O  no 

rH  CM  CO 

C 

H  i — I  CM 

•  •  • 

I  I  I  o  o  o 


OOOOOOC'O 


O  r\sc\i  no 
CM 

U\nO  N-  no  C^-_3 

OOrHPinw 


rH  NO  CD  CO  rH  NO  -J  CO 
On  On  I'-  IA  C—  NO  CO 
-3  O  rH  CM  HlliJN 
CM  H  H  o  O  H  rH  CM 


VO  OnJ 
-3  CM  On 
•  «  • 
O  O  co 
On  CD  A 
CM  CM  CM 


-3  CM  On  UMA  rH 
NClA  JCD  CvJ  rH 

H  n  On  H  co  co 
t*-  P-  P-  On  On  CO 
CM  CM  CM  CM  CM  CM 


NO  CD  lAffr  J  JCQ  CM 

cm  h  omo\i^ON|N- 
•  •  •  ••••• 

-3  On  O  O  O  NO  NO  A- 
CO  N-  CO  CO  CO  CO  CD  On 
CMCMCMCMCMCMCMCNJ 


CO  CO  CO 
NO  NO  NO 
CM  CM  CM 


On  ON  Oncd  3j  f~- 

CD  CO  CO  rH  CM  -3 
NONC  NO  r- 
CM  CM  CM  CM  CM  CM 


CD  XA  rH  ID  On  CM  CO  O 
•  ••••••  • 

XA  1^-  CO  O  O  CD  CD  NO 
r-  (N-  N  CD  CD  CO  CO  CC 
CM  CM  CM  CM  CM  CM  CM  CM 


On  rH  XA 

•  •  ■ 

rH  CD-3 
rH  CM 

I  I  I 


1AMDOOO 
CD -3  XA 

I  I  I 


GO  OOOOOC 


On  CD  NO 

ONJ 


—3  A  \  rH  CD  NO  XA 

•  •  •  •  •  • 

-3  r-  On  NO  CD  CD 
HHJC  O  NO 
I  I  rH  H 


COnO  O  rH  CO  On  NO  C^ 

•  ••••••• 

O  O  CD  A  _3  _J  CM  C-i 
(n-  CD  ID  -3-3  CO 

I  I  I  I  I 


n  Q  n 

i  i  i 

rH  CM  CD 


-3XA  <o  C^CC3  On 


;Y  c?  <Y  'V  CV  ui>  ‘V 

O  H  CM  r»-|  -4  ^ '  v£)  p 
rH  rH  rl  H  rl  ^  H  H 


ft 


I.I6I1?  fi/" 


.3?r-£  */n 

.5920  #/" 


o'  =  1.3U25 

#/" 

•97U6  #/» 


,’.071  #/•»- 

o- 


i  2  3  a  5 

1^.1760^  ,3lilli  .5060  J  .6706  ^j.9?52  1.00 

'  n 


(a)  Leadinp-Edre  Load  Distribution 


2.5617  */» - 


2.257?  #/" 
1.95? 8  #/" 

1.6Uoc  #/" 

1.31-60  if  '1 

1.0L20  #/" 


.73  Si  /-/" 
.Ii3h2  #/" 


q©  *  2.685 
*/" 


2.C700 

#/» 


9  O 

I  s 


1.0350 

#/" 


9  10  11  3-2  13  lli  15  16  17 

,1250  ^.2125]  .’OO0.3^.^.562^.650OJ.7375|.825oJ.9125|l.OOJ) 

»  I 

-I 

(b)  Keel  Load  Distribution 
Figure  63.  Load  distribution  of  Single-Keel  Parawing. 
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TABLE  miX  CA?’OPY  LOADS  IN  HOOP  DIRECTION 
_ AT  LEADING  EDGE  (REF.  F^OURE  63) 


Load 

Point 

a-i 

(Lbs/In.) 

1 

xi 

1 

P 

pi 

0 

0 

38.19 

5.86* 

0 

1 

.3071 

13.86 

35.55 

16.00 

2 

.5929 

21.08 

35.55 

26.16 

3 

.8788 

31.21* 

35.55 

36.32 

h 

1.16L7 

39.81 

22.12 

27.73 

U a 

1.3125 

13.10 

15.56 

5 

.97ii6 

30.32 

35.60 

17.35 

6 

0 

8.68 

_ _ _ _ _ Total  lJjli.99 

Distributed  entirely  to  attachment  point  1 


Distributed  equally  to  attachment  points  U  and  5 


I 


a  ( unit  a ( ) 

Figure  6h  .  Dimensional  Layout  of  las- 
fron  which 


k 


tension  L'.ne  Loading 


,1 


m 


where  X  is  tne  angle  between  the  line  under  consideration  and  the  corre- 
QPq^^gf  ^ni't^ve®t,or — either  (0,0,1)  for  keel  points  or  (0.07881,  -0.33657, 


Us^ng  the  loads  of  Tables  XXXII  and  XXXIII  and  the  direction  cosines  from 
Table  XXXI, the  axial  loads  In  the  lines  may  be  found  as  follows  1 

Loads  in  suspension  lines  under  1.0  g « 


1 

2 

3 

h 

6 

7 

8 
9 

10 

11 

1? 

13 

Hi 

1$ 

16 

17 


13.86 
21.08 
31. 2h 
39.81 
30.32 
8.68 
11. ho 
13.95 
19.70 
25.hh 

31.12 
16.93 
h2.67 
)  1  .93 
36.83 
19.56 
h.89 


[(.3779) (.07881(4)  • 
[(.2783)(.0'’88lh)  ■ 
[(.1636) (.OMUL)  ■ 
-(.0530) (.079811')  - 
!-(.0633)(.0788lh) 
-(.17 57 )(. 078811) 
.9312  -  12. 2L 
.9289  *  15.02 
.9703  *=  20.30 
.9685  =  26.27 
.who  =  31.11 
.99 TO  =  17.19 
.9097  =  12.68 

^QOCO  -  IJ,  O'? 

.9877  =  37 I 29 
.9319  =  19.73 

.9606  =  5.09 


(.33657) (.0065) 
(.33657)(.0h67) 
(.33657)(.089h) 
(.33657) (.131h) 


+  ( .9256) ( . 
+  (,?59h)(. 
+  (.9315)  (. 
♦  (.9893)  (. 


(.3 3657) (.1720)  +'(.98h2)( 
(.33657) (.2086)  +  (,9621)( 


939 79)J 

91979)3 

53579)3 

93979)3 

.93979)] 

.c3979)3 


--  12.50 
*  19.80 

-  30.17 

■  33.98 

-  29.68 

-  3.3h 


Fron  the  above  line  loads,  the  tension  coefficients  ma^  be  found  b-  livid: ng 
eac^  line  load  by  the  total  weight  of  58o  pounds. 

In  Table  XXXIV,  theoretical  lengths  and  tensions  are  given  for  all  17  lines 
of  the  parawing  under  1.0  g  condition. 
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MAXIMUM  CANOPY  STRESS  AND  LINS  TENSION  UNDER  15  g'S  DYNAMIC  OPENING 


Canopy 

The  maximum  canopy  stress  occurs  at  a  point  .773  distance  from  the 
apex.  Its  value  under  1.0  g  is  1.3l*  pounds  per  inch.  Hence,  under  15.0  g»s 
f  ■  20.1  pounds  per  inch.  Using  a  factor  of  safety  of  1.5,  the  required 
fabric  should  have  a  quick  break  strength  of 


5*03  -  1.5  X  20.1  -  30  lbs/in.  (U9) 

The  fabric  used  in  the  flight  hardware  has  a  ravel  strlo  breaking  strength 
of  150  pounds  per  inch.  Therefore,  the  margin  of  safety  of  the  canopy  is: 

150 

MS  -  —  -  1  «  +U.0  (50) 


Suspension  Lines 

The  maximum  load  under  15.0  gJs  is  carried  by  keel  line  No.  lh.  This  load 
is  67 h  pounds  (see  Table  XXXIV).  For  a  safety  factor  of  1.5,  the  required 
line  strength  is 


T  -  1.5  x  6?U  -  1011  lbs  (51) 


The  suspension  line  material  used  in  the  flight  hardware  is  l/U-inch- 
diamter,  2-in-l  Dacron  polypropylene  stable  braid  having  a  minimum  strength 
of  1700  pounds.  Reducing  this  by  80  percent  for  knot  efficiency,  a  design 
strength  of  1360  pounds  results.  Therefore,  the  margin  of  safety  for  the 
suspension  lines  is  seen  to  be 


MS  - 


1360 

imr 


1 


+0.35 


(52) 


Twin -Oatenary -Keel  Parawing 

A  rationale  showing  the  structural  adequacy  of  the  twin-catenary-keel 
paraving  can  be  presented  when  related  to  the  structural  analysis  of  the 
single-keel  parawing.  Although  the  results  are  qualitative  in  nature, 
the  high  structural  margins  shown  on  the  single-keel  wing  do  not  warrant 
a  more  discrete  analysis./ 


The  canopy  planform  as  used  for  a  twin-cate nary- keel  parawing  consists  of 
a  standard  single-keel  parawing  with  an  added  center  section  which  increases 
the  total  planform  area  50  percent.  The  finally  configured  twin-keel 
parawing,  ahown  in  planform  in- Figure  9,  has  a  theoretical  keel  length 
16  feet.  The  planfom  area  is  270  square  feet  as  compared  to  220 
square  feet  for  the  single-keel  parawing.  Therefore,  for  the  same  payload 
weight  and  assuming  a  symmetrical  load  distribution  on  the  wing,  the  maxi¬ 
mum  wing  loading  is 


% 


2.685  x  ||  x 


(53) 


qo  "  l.Uj  lb/in* 


(51) 


The  lower  wing  loading,  coupled  with  smaller  inflated  wing  radius,  due  to 
the  twin-keel  shorter  t railing-edge  length,  will  result  in  a  margin  of 
safety  greater  than  1.00  as  obtained  in  equation  (50)  for  the  single  keel. 


The  twin-keel  leading  edge  lines  will  cany  a  smaller  proportion  of  the 
total  load  in  the  ratio  of  1/6  to  lA  or  67  percent  by  virtue  of  the 
symmetrical  load  distribution.  Figure  65  shows  the  relative  load 
distribution  schematically. 


iA  1/2  iA 


(a)  Single  Keel 


Figure  65.  Wing  Load  Distribution. 


The  twin -catenary -keel  wing  has  one  more  keel  line  than  the  singleJceel 
wing.  Ignoring  this  fact,  the  keel  line  loads  in  the  twinJceel  wing  will 
increase  in  the  ratio  of  1/3  to  lA,  or  133  percent.  Assuming  the  same 
relative  line  load  distribution  and  using  line  lit  (Ref.  Table  XXXIV)  as 
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naXl”'”  re‘,,‘iTe‘i  U"°  Streneth  for  the  ‘»i»- 


T  -  lili.93  x  1.33  x  15 
T  -  900  lbs 

The  margin  of  safety  for  the  lines  is 


MS 


„  1360 

900  x  1.5 


-  1  ■  +0,01 


(55) 

(56) 


(5Y) 
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APPELTIX  IV 

SCALE-MODEL  ANTENMA  TESTS 


GENERAL 

Preliminary  testing  and  evaluation  of  the  CACS  antenna  array  were  performed 
on  a  scale-model  system  as  follows: 

1.  A  mockUD  of  the  control  box,  antennas,  and  payload  was  fabricated, 

2.  An  antenna  test  range  was  instrumented  and  checked  out. 

3.  The  impedance  of  the  individual  antenna  elements  and  the  impe¬ 
dance  of  the  elements  coupled  through  a  hybrid  were  measured.  The 
antenna  lengths  were  adjusted  for  a  good  impedance  match. 

li.  The  antenna  radiation  patterns  were  measured  at  six  different 
element  snacings  to  determine  the  radiation  characteristics  with 
antenna  placement.  Effects  of  pitch  and  roll  attitudes  of  the 
control  box  on  the  radiation  patterns  were  measured  for  the 
optimum  spacing.  The  effects  of  the  payload  were  determined 
qualitatively  from  the  radiation  patterns. 

5.  Antenna  placement  and  ground  plane  predictions  were  made  for  the 
Ityan  low-frequency  system. 

The  radiation  patterns  were  investigated  using  only  the  largest  size  payload, 
a  scaled  version  of  a  3-foot  by  3-foot  by  3-foot  container.  The  payload  is 
located  several  wavelengths  below  the  control  box  and  should  not  affect  the 
radiation  patterns  appreciably  until  high  depression  angles  are  reached 
where  the  payload  is  physically  between  the  control  box  and  the  transmitting 
antenna.  Therefore,  a  smaller  payload  would  onlv  reduce  the  angular  area' 
over  which  the  patterns  were  degraded.  In  addition,  the  radiation  patterns 
of  the  homing  antennas  would  have  a  null  area  or  very  little  radiation 
downward;  and  the  radiation  pattern  would  be  degraded  considerably  without 
the  payload. 

The  azimuth  radiation  patterns  of  the  antenna  system  were  taken  at  0-,  15-, 
30-,  U5-,  60-,  75-,  and  82. 5-degree  depression  angles  for  the  various  antenna 
snacings  investigated.  Depression  angle  is  defined  as  the  angle  between 
the  line  of  sight  tc  the  transmitter  and  a  plane  horizontal  through  the 
center  of  the  control  box.  The  patterns  then  describe  the  response  of  the 
antenna  system  over  360-degree  azimuth  for  the  given  depression  angle.  The 
box  is  rotated  around  a  vertical  axis;  thus,  the  radiation  in  the 
lower  hemisphere  is  fully  described.  In  addition,  the  box  was  pitched  or 
roiled  with  respect  to  the  vertical  axis  of  rotation  to  describe  the 
azimuth  pattern  for  &  given  depression  angle  when  the  wing  is  turning. 

Again,  the  lower  hemisphere  of  radiation  is  described  for  each  pitch  or 
roll  attitude  investigated.  The  nomenclature  used  here  is  somewhat 


Thi.°ri*iMi  ««"*■*  <*n.  for 

defined  as  +15  deirees ® SfS  "f”11*  The  maximum  pitch  was  later 
10 -degree  increments  taken  t(>  ±30  Wees  in 

degrees,  with  photograohs  irxiicatinp  nni^tct1*011  WaS  defined  as  +50 
Radiation  patterns terTt^Si  f^inJ^  -1?  degreea  actually  attained. 

pa  ems  were  taken  in  10-degree  increments  to  +50-degree  roll. 


TESTING  ACCOMPLISHED 

^tSuanrSd  rincheT^frTo^a 

stru rss 

antenna  lengths  were  adStadtot  ,BUPfmce  <*  the  box.  The 

The  VSWR  of  the  indifiwdaltlemeJts5^  J”??8  f°f  g00d  impedance  ™atch. 
quency  (lldjO  MHz).  1,38  3‘*3*3'  or  l^ss  at  the  test  fre- 

So™  ^■Ji,5.^rid  40  th.  two 

Switching  totwj^  Pattern. 

Ship  of  the  two  antenna  elem^te  a£d  thn.t^  ,  3"8®3  the  phase  elation- 

car  di  old  pattern.  The  VSWR  into  th  l..i.-i-iPr°V^dB8  *  r^B^t-  or  left-hand 

antennasconnected^d  ^e  mo^n^  P°rts  measured  1.65*1  with  the 

cated  that  a  1-inch  snactefnro^J*  Subaecluent  radiation  patterns  indi, 

The  individual  antenna  element  VSWR S8}^1®  “tenna  performance, 
was  2.2,1  at  this  sp£i~?  £L X™  . “?d  the  inpat  to  the  hybrid 

on  the  bar.  The  symmetrical  mounting  is  used  tS*1”  “J™*trical:iy  located 
directional  radiation  patterns  as  noLlhi^S  ^  provide  as  nearly  onni- 

thus,  symmetrical  radiation  patterL  are  rfSrtaS6?* elCTIBnt»* 
when  the  antennas  arc  coM  ta  {L  WhEd?*  ““  le“  °r  tm  *M 

s:  "raMiss  atK1",1: in 

tical  axis,  and  the  patterns  are  recorded  +C+v?P  i3_fotated  around  the  ver- 
O-degree  depression  angle,  the  incident  enerev^ ^arioua  d*pr®8sion  angles  (for 
and  for  90-degree  depression  the  ia  Perpendicular  to  the  axis. 

For  azimuth  p5terns^J„Ss2in? T  18  parallel  the  axis), 

respect  to  tS  vSScaJ  iSJ  the  b°X  ifl  tilted  "ith 

the  various  depression  angles  The  model  P*ttef 03  *gain  recorded  for 

roll  axis  of  rJtation  toStSn  r^Lh  niL*  fj80  rot#ted  abo“t  the  pitch  or 

tion.  and  roll  plap.  Sll0^  ^ 

model  azimuth  rotation  nmvid..  f  ”T  angles.  This  method  of 

reaponee  for  Jlh^Lgc  f**™’.***  '**  the  antenna 

for  horizontal  and  pitch  and  roll  tttftoX  te  ^rST^**1' 
sion  angles  simulate  the  position  of  the  center  of  S  v  ,  Varioua  depres- 

ssjfissisr* to  ths  hort’°ntai 


-  rcsr.su:  x. 
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The  azimuth  patterns  were  measured  at  0-,  15- ,  30-,  U5-,  60-,  75-,  and 
82.5-degree  depression  angles  for  1-,  1-1/2-,  1-3/1.,  2-,  2-1/2 -/and  3- 
inch  s pacings  of  the  elements  at  ll^O  MHz  to  determine  the  change  of 
radiation  characteristics  with  spacing.  Neglecting  ground  plane  and  mutual 
coupling  effects,  the  radiation  pattern  should  have  a  very  low  side-lobe 
lew!  when  the  spacing  bet^/een  model  elements  is  2  inches  or  l/h  wavelength* 
Side-iohe  ievei  of  radiation  is  defined  here  as  the  radiation  to  the  right 
side  of  the  box  when  the  maximum  of  the  radiation  pattern  is  on  the  left 

If  th?  8id«-l0be  leVBl  is  not  considerably  below  the 
maximum  radiation,  the  signal  received  broadside  to  the  box  could  be  misin¬ 
terpreted  as  a  homing  signal,  and  the  control  system  could  cause  the  wing 
to  fly  a  circle  about  the  transmitter  at  some  undetermined  range.  The 

fnd  12"degl‘ee  course  errors  from  electrical  boresight 
*^rdi°d?  pattern  crossover  point)  and  the  side-lobe  level  . 
in  db  down  from  the  maximum  radiation  level  are  shown  in  Table  XXIV  for 
various  antenna  spacings  and  depression  angles. 

fS  thT^fhi  i8  ^^5fer!nCe  (in  db)  the  signal  level  received 

for  the  right-hand  cardioid  and  left-hand  cardioid  patterns  for  a  given 

^°Vegre:  COUrSe  err°r*  Flve-  and  ^Ive-degree  errors  werearbi- 

P'rfor"an<:e  “  -tenn.  spacings  and 

In  general,  the  sequences  of  radiation  patterns  show  that  for  a  given 

J^n3100-^16*  th<5  eiTOr  8ignal  doe«  n°t  change  rapidly  with  a  change  of 
spacing.  The  error  signal  increases  slightly  between  0-  and  15-degree 

thrill  “  a^de?reaae“  {rom  15  t°  «2.5  degrees.  Therefore,  for Tgiven 
’*  a  Particular  value  of  error  signal  will  represent  a  slightly 
different  course  error  depending  on  the  depression  angle.  The  side-lobe 

^ls  "***  8pacing*  lowest  side-lobe 

levels  (maximum  number  of  db  down)  were  obtained  at  a  1-inch  spacing  over 

sWerSSa  ^  Wgher  Spacing8  Provlded  much  higher 

especially  at  low  depression  angles.  Since  the  error  signal 
soacw  S  appreciably  with  spacing  and  the  side  lobes  were  low  at^inch 
spacing,  the  radiation  patterns  with  pitch  and  roll  attitudes  were  investi- 

S^taWH^8  8P*Ci.ng  WJ‘th  the  thought  that  the  side  lobes  would  be  * 

(1  maintained  at  a  low  level. 

Table  XXIVI  contains  data  taken  from  azimuth  radiation  patterns  for  all  com 

m  T  °-  thr°“fJi2-5~d*gr" 

0-  through  30-degree  up  and  down  pitch.  The  error  signals  at  10-  and  20- 

PiJCh  8efn  136  ^Prtximately  the  same  values  as  those 
with  no  pitch  angle.  The  side-lobe  levels  are  also  approximately  the  sJ» 

ste^a^si^’jT6!  np-pitch,and  high  depression  angles,  the  bittern 

Se  Therein  no  ~  ar°  deg^6d  t0  the  P01**  that  the  pattern  is  not 
usable.  There  is  no  crossover  poiftt  in  the  pattern,  or  the  right  and  left 

haVB1reVe^8ed»  thi8  would  lead  to  inaccurate  error 
signals  or  a  complete  reversal  of  error  signal  sense.  For  examole  the 

nnJr 1  Thls  ^ curs  when  the  sun  of  the  pitch  angle  and  depression 

X.  L!SSl°L?XLth"  ??  deeree“-  •“>  operation  is  in  tte  null  are, 
of  tbs  control  box  radiation  pattern.  At  30-degree  up-pitch  and  75-dsgr.s 


depression,  the  angle  of  incident  radiation  is  really  toward  the  rear  of 
the-  box  and,  thus,  the  reversal  of  error  signal.  At  the  lower  depression 
angles  and  30-degree  up-pitch,  the  patterns  still  have  the  right  error 
sensr;,  but  the  error  signal  is  reduced  somewhat.  No  reversal  in  pattern 
is  seen  for  the  30-degree  down-pitch  because  the  pitch  angle  is  subtracted 
from  the  depression  angle,  and  incident  radiation  is  toward  the  front  of 
the  box. 

Table  XXXVII  contains  data  taken  from  azimuth  patterns  at  all  combinations 
of  the  depression  angle  increments  and  10,  20,  30,  1x0,  and  50  degrees 
right  and  left  roll  of  the  control  box.  The  error  si gnajXi s  approximately 
the  s pme  as  for  a  0-degree  roll  attitude  for  the  low  degression  angles, 
and  the  side-lobe  levels  are  maintained  considerably  below  the  maximum 
radiation.  Again,  as  in  the  Case  of  pitch  angles,  when  the  sum  of  the 
roll  jungle  and  depression  angle  is  near  or  greater  than  90  degrees,  the 
radiation  patterns  reverse  right  for  left,  and  inaccurate  or  wrong  sense 
course  errors  result.  Thus,  as  the  roll  angle  increases,  the  radia¬ 
tion  patterns  reverse  at  lower  depression  angles  until  at  50  degrees  roll 
only  0  through  30  degrees  depression  is  usable.  •  Thib  data  pertains  to 
roll  angles  away  ftrom  the  ground  station  where  the  sum  of  depression  and 
roll  angles  causes  operation  in  the  null  area  or  opposite  side  of  the  box. 
If  the  box  rolls  toward  the  ground  station,  which  is  located  at  a  high 
depression  angle  and  near  broadside  to  the  box,  the  error  will  be  of  the 
•  correct  sense.  In  all  cases,  either  right  or  left  roll,  the  crossover 
point  in  the  forward  direction  is  destroyed;  in  fact,  several  cross¬ 
overs  may  occur.  Large  error  or  complete  reversal  of  sense  will  result. 
This  characteristic  of  the  radiation  patterns  becomes  especially  important 
near  the  cone  of  silence. 

t  . 

Table  XXXVIII  contains  data  taken  from  pitch  plane  patterns  of  the  antenna 
system  at  0  through  50  degrees  roll  in  10-degree  increments.  The  depth 
of  the  null  in  the  radiation  pattern  perpendicular  to  the  bottom  of  the  bo* 
and  the  width  of  this  null  at  20  db  down  from  maximum  radiation  level  are  ft 
shewn.  The  null  is  always  located  oerpendicular  to  the  box  in  the  pitch 
plane;  thus,  the  null  area  would  fall  on  different  points  on- the  ground, 
depending  on  the  pitch  attitude  of  the  box.  This  data  was  taken  to  deter¬ 
mine  performance  near  the  cone  of  silence. 

Table  XXXH  contains  data  taken  from  roll  plane  Patterns  at  0  through  30 
degrees  pitch.  The  null  depth  with  respect  to  peak  radiation,  the  width  of 
the  null  at  20.  db  down  from  peak  radiation,  and  the  position  of  the  null 
with  respect  to  the  "perpendicular  to  the  box  a-e  tabulated.  This  data  ’.ms 
also  takep  to  determine  performance  near  the  cone  of  silence. 

Due  to  the  large  number  of  patterns  recorded,  the  pertinent  data  is  pre¬ 
sented  in  Tables  JXXXV  through.  XXXIX,  and  copies  of  the  patterns  are  not 
presented  with  tpis  report. 


'/> 


DISCUSSION 

The  optimum  spacing  of  antenna  elements  considering  side-lobe  level  was 
found  to  be  1  inch  for  the  scale  model  for  the  SAC  high -frequency  system. 
Theoretical  calculations  indicate  that  the  spacing  should  be  2  inches,  but 
these  do  not  include  ground  plane  and  mutual  coupling  effects.  Since  the 
grbund  Diane  is  small  in  wavelengths,  the  amplitude  and  Dhasing  of  RF 
energy  received  by  the  two  antenna  elements  is  unbalanced,  and  a  reduction 
of  spaping  is  required  to  produce  a  low  side  lobe  to  the  left  of  the  right- 
hand  cirdioid  pattern. 

j  . 

The  reversal  of  radiation  pattern  sense  at  high  depression  angles  with 
pitch  and  roll  could  cause  erratic  maneuvering  of  the  wing  near  the  cone  of 
silence.  The  error  signals  will  be  inaccurate  or  in  the  wrong  direction 
when  the  sum  o^  the  pitch  or  roll  angle  and  depression  angle  is  near  90 
degrees.  Little  or  nothing  can  be  done  to  the  antenna  system  to  correct 
this  situation.  t 

One  possibility  of  erratic  maneuvering  is  seen  in  the  following  example.  • 

If  the  wing  were  approaching  the  ground  station  at  a  high  depression  angle 
and  slightly  to  the  right  side  of  the  station  when  the  cone  of  silence  was 
entered,  signal  would  be  lost  and  the  wing  would  commence  a  right  turn, 
causing  the  control  box  to  roll  right.  Signal  might  then  be  received 
again  because  rolling  has  takeq  the  ground  station  out  of  the  null  area  of 
the  control  box  pattern.  At  high  depression  angles  and  roll  away  from  the 
station,  the  pattern  sense  is  reversed;  the  wing  would  continue  a  right 
tt^m  when  a  left  turn  would  provide  the  shortest  route  to »the  ground  sta¬ 
tion.  This  should  be  considered  in  system  analysis.  ( 

'  :j 

The  cone  of  silence,  where  signal  between  the  ground  statiorS^nd  control 
box  is  lost,  is  determined  by  many  factors.  These  include  transmitter 
power,  receiver  sensitivity,  control  box  radiation  patterns,  ground^ station 
radiation  pattern,  attitude  of  the  control  box,  and  flight  characteristics 
of  the  wing.  Transmitter  Dower  and  receiver  sensitivity  will  determine  the 
range  (horizontal  and  vertical)  at  which  it  is  possible  to  enter  the  cone 
of  silence.  Reduced  power  or  sensitivity  would  effectively  increase  the  > 
cone  size.  "In  addition,  the  pitch  and  .roll  attitudes  of  the  control  box 
will  change  the  effective  size  of  the  cone.  Therefore,  the  angular  limits 
of  the  cone  of  silence  will  vary  considerably.  A  thorough  review  of  the 
system  performance  characteristics  and  antenna  patterns  would  be  required 
to  define  the  flight  performance  of  the  wing.  This  is  also  true  for  areas 
outside  the  cone  of  silence. 

Based  on  the  *radiation  patterns  obtained  for  the  scale  model,  the  ground 
plane  size,  antenna  spacing,  and  antenna  length  would  have  to  be  an  exact 
scale  for  the  l^pw ^frequency  system  to  obtain  the  same  performance  char-  " 
acteristics.  This  does  not  preclude  the  fact  that  a  low-frequency  system 
with  no  ground  plane  extensions  may  provide  adequate  radiation  patterns, 
but  experimental  measurements  to  verify  this  were  not  included  in  the  work 
statement.  The  effects  of  the  payload  are  not  seen  until  very  high  depres¬ 
sion  angles  are  reached,  and  the  antenna  pattern  itself  is  deteriorating.  • 

t 
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The  low-frequency  patterns  would  be  aoproximately  the  same  shape  for  a 
scaled  ground  plane;  therefore,  payload  effects^would  not  be  signifi¬ 
cant.  The  high-frequency  system  (and  scale  model)  Use s  a  hybrid  to  combine 
the  radiation  received  by  the  two  antenna  elements  in  phase  quadrature. 

This  approach  is  defined  as  an  active  system.  The  null  to  one  side  of  the 
box  and  the  maximum  radiation  to  the  other  are  obtained  by  balancing  the 
amplitude  and  phase  of  the  two  antennas  to  cancel  one  another  in  one  case 
and  to  reinforce  on  the  opposite  side.  Exact  amplitude  and  a  l80-<iegree 
phase  between  antennas  is  required  to  produce  a  null  or  a  very  low  side-lobe 
level.  On  the  low-frequency  system,  a  passive  approach  is  used  where  one 
element  acts  as  a  parasitic  element’  to  receive  and  reradiate  energy  to  the 
element  connected  to  the  receiver.  It  is  difficult  to  obtain  low  side-lobe 
levels  with  this  approach  because  an  amplitude  balance  cannot  be  obtained 
between  elements.,  Therefore,  it  is  anticipated  that  the  cabling  arrange¬ 
ment  between  the  antennas  must  be  changed  to  an  active  type  system  to  obtain 
side -lobe  levels  comparable  with  the  scale  model  patterns  of  the  high-fre¬ 
quency  system.  If  flights  with  the  low-frequency  system  are  limited  to 
manual  control,  a  single  antenna  element  or  a  modified  version  of  the  high- 
frequency  system  could  be  used  with  no  ground  plane  extensions  to  provide 
radiation  pattern  coverage. 

The  radiation  patterns  show  that  for  a  given  spacing,  the  error  signal 
varies  somewhat  with  depression,  pitch,  and  roll  angles.  A  given  error 
signal  does  not  always  represent  exactly  the  same  number  of  degree  course 
error.  This  effect  must  be  considered  in  system  performance. 


RECOMMENDATIONS 


The  following  recoimendations  are  Dased  on  the  results  of  the  scale  model 
measurements  and  general  -performance  requirements  of  a  homing  system.  Since 
exact  receiver  and  control  system  signal  requirements  and  wing  flight 
characteristics  are  not  defined,  a  final  determination  of  pattern  adequacy 
cannot  be  made.  It  is  anticipated  tfyat  exact  tailoring  of  radiation  pat¬ 
terns  with  respect  to  the  error  signal  (db  error/degree  course  error)  could 
not  be  obtained  without  additional  measurements  or  possible  degradation  of 
the  side -lobe  level.  The  recommendations  on  this  basis  are: 

1.  The  antenna  element  spacing  should  be  ^8  inch.  The  location  is 

inch  on  each  side  of  the  center  of  the  box  with  the  antennas 
at  eaual  distances  from  the  front  and  rear  edges  of  the  box. 

2.  The  antenna  element  length  should  be  near  tyh  inch,  but  exact 
length  will  change  due  to  antenna  construction.  Impedance  measure¬ 
ments  will  be  made  on  the  full-scale  model. 

3.  Since  the  antenna  patterns  show  a  reversal  of  sense  at  hig’i  depres¬ 
sion,  pitch,  and  roll  angles,  a  method  of  turning  toward  the 
direction  of  last  course  error  before  the  loss  of  signal  should  be 
investigated.  This  should  reduce  erratic  maneuvers  of  the  wing. 


U.  Operation  near  the  cone  of  silence  should  be  investigated  and 
pattern  data  correlated  with  specific  control- system  performance 
to  determine  possible  problem  areas. 

5.  If  the  low-frequency  system  is  used  for  homing,  the  radiation 
patterns  should  be  measured,  and  the  cabling  of  the  feed  network 
should  be  modified  to  an  active  system.  A  single  antenna  or 
modification  to  a  high-frequency  system  would  be  satisfactory  for 
manual  control. 

6.  Flight  characteristics  of  the  wing  should  be  such  that  minimum 
pitch  and  roll  of  the  control  box  is  obtained  consistent  with 
flight  performance  requirements.  High  pitch  and  roll  may  cause 
wrong  turns  and  reduce  range  of  wing  delivery  capabilities. 

7.  With  the  anticipated  receiver  output  characteristics,  a  small 
course  error  signal  (2  to  3  db)  will  command  a  maximum  turn  rate 
for  small  course  errors,  usually  less  than  12  degrees.  In 
addition,  changes  of  course  error  signal  for  a  given  number  of 
degrees  course  error  with  depression,  pitch,  and  roll  angles  of 
the  box  will  cause  the  maximum  turn  rate  to  occur  at  varying 
values  of  course  error.  This  could  cause  undue  maneuvering  of 
the  wing,  overshoot  on  steering,  and  loss  of  delivery  range.  It 
is  suggested  that  the  receiver  and  control  system  remain  a  pro¬ 
portional  system  but  that  the  range  of  course  errors  for 
proportionality  be  extended  and  that  the  db/degree  course  error 
be  increased.  This  will  increase  the  accuracy  of  direction  find¬ 
ing  and  smooth  the  flight  path.  Pitch  and  roll  angles  should  be 
decreased  and  the  possibility  of  erroneous  error  3ignal3  reduced. 
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Figure  66.  Antenna  Pattern  Coordinate  System 


TABLE  XXXV.  A2IMTTTH  PATTER**  BATA 


Frequency,  ihhO  MHz 
Mockup  Attitude.  0°  Pitch,  0°  Roll 


Depression  Antenna  Spacing  (In.) 

Angle  _ _ _ _  _ 


Error  Signal  at  5°  from  Electrical  Boresight  (db) 


0 

1.1 

l.h 

15 

l.h 

1,7 

so 

h5 

<11 

1.3 

l.h 

60 

0.9 

1.5 

75 

0.6 

0.6 

82.5 

1.0 

V 

Error  Signal  at  12 

0 

2.5 

3.2 

15 

3.0 

h.7 

30 

2.1* 

3.3 

li5 

3.0 

3.6 

60 

2.5 

3.6 

75 

1.2 

1.6 

^2.5 

1.9 

Minimum 

0 

27.0' 

13.7 

15 

26.0 

12.5 

30 

lh.O 

9.0 

1:5 

12.1 

8.5 

60 

lh.O 

18.2 

75 

5.7 

r.o 

C2.5 

6.5 

1.7 

1.2 

1.3 

1.7 

1.3 

1.8 

1.3 

1.5 

l.h 

1.8 

1.7 

1.7 

1.5 

l.h 

1.7 

0.8 

0.6 

0.3 

o.5 

3 

fron  Electrical  Boresight  (db) 

h.l 

3.2 

3.7 

h.5 

3.h 

h.l 

3.0 

3.3 

3.h 

h,o 

3.9 

3.9 

h.O 

3.5 

0  h.l 

1.7 

1.2 

1.6 

1.0 

Side -Lobe  Level  (db) 

7.7 

6.3 

3.h 

'6.h 

h.O 

2.5 

5.5 

h.9 

3.h 

6.2 

5.3, 

h.9  " 

■  11.0 

10.8 

10.0 

h.3 

J.5 

6.0 

0.5 

\ 


j  TABLE  XXXVI.  AZIMUTH  PATTERN  DATA 

Frequency,  iLJLiO  MHz 

1.0-Inch  Antenna  Spacing 

Mockup  Attitude,  0°  Roll,  Pitch  Variable 

1 

1 

Depression 

Angle 

(d®e1 _ 

Pitch 
Angle 
_ (Deg)- 

Error  Signal 
(db)  at  5°  Fran 
Elec.  Bo re sight 

Error  Signal 
(db)  at  12°  From 
Elec.  Bore sight 

1 

Mininun 
Side-Lobe 
Level  (db)  ! 

0 

10  up 

1.1  ; 

2.5 

23.0 

15 

1.1 

2.1* 

23.0 

30 

1.0 

2.1* 

13.0 

1*5 

1.1 

3.0 

12.0 

6o 

0.9 

2.1 

li*.5 

75 

0.8 

2.2 

6.5 

82.5 

10  up 

reversal 

reversal 

6.7 

0 

10  doim 

1.0 

2.3 

23.0 

15 

0.8 

2.3 

23.0 

30 

1.0 

2.2 

13.0 

U5 

1.1 

2.3 

12.0 

60 

1.0 

2.1 

1 1*.5 

75 

0.7 

1.1* 

6.5 

82.5 

10  down 

0.6 

1.2 

6.7 

0 

20  up 

1.0 

2.5 

26.0 

15 

1.0 

2.5 

30.0 

30 

1.1* 

3.3 

13.0 

15 

1.3 

2.7 

9.5 

60 

1.0 

2.2 

17.5 

75 

0.1* 

0.9 

12.0 

•82.5 

20  up 

0.1*  reversal 

0.8  reversal 

13-0 

0 

20  down 

1.8 

l*.o 

26.0 

15 

1.2 

2.8 

30.0 

30 

1.1 

2.5 

13.0 

!*5 

1.0 

2.1* 

9.5 

6o 

0.8 

1.7 

17.5 

75 

0.6 

1.7 

12.0 

|  32.5 

20  down 

0.6 

1.3 

—  a _ 

13.0 

I3ii 
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TABLE  XXXVTI.  AZIMUTH  PATTERN  DATA 


Frequency,  ll|l|0  MHz 


1.0-Inch  Antenna  Spacing 
Mockup  Attitude,  0°  Pitch,  Roll  Variable 


Depression 

Roll 

Error  Signal 

Error  Signal 

Minimum 

Angle 

Angle 

(db)  at  5°  From 

(db)  at  12°  From 

Side -Lobe 

(Deg) 

(Deg) 

Elec.  Boresight 

Elec.  Boresight 

Level  (db) 

0 

10  left 

1.5 

3.5 

! 

! 

1 

2li.O 

15 

1.2 

3.1 

29.0 

30 

1.0 

2.5 

16.5 

1*5 

1.0 

2.6 

ll*.0 

60 

1.0 

2.6 

8.1* 

75 

0.8 

1.6 

7.5 

82.5 

10  left 

no  good  reversal 

no  good  reversal 

- 

0 

10  right 

1.5 

3.5 

2l*.0 

15’ 

1.3 

3.0 

29.0 

30 

1.0 

2.5 

16.5 

1*5 

1.0 

2.5 

ia.o 

60 

1.3 

2.9 

8.1* 

75 

0.6 

1.6 

7.5 

82.5 

10  right 

no  good  reversal 

no  good  reversal 

0 

20  left 

1.0 

2.5 

ll*.2 

15 

1.2  -f 

2.9 

26.3 

30 

1.0 

2.3 

17.8 

1*5 

0.8 

2.1 

13.0 

60 

1.0 

2.1* 

12.5 

75 

no  good  reversal 

no  good  reversal 

- 

82.5 

20  left 

no  good  reversal 

no  good  reversal 

0 

20  right 

1.0 

2.6 

ll*.2 

15 

1.3 

3.1 

26.3 

30 

0.9 

2.2 

17.8 

1*5 

1.0 

2.3 

11.0 

6o 

0.8 

2.1 

12.5 

75 

no  good  reversal 

no  good  reversal 

82.5 

20  right 

no  good  reversal 

no  good  reversal 

0 

30  left 

0.6 

1.6 

13.0 

15 

0.9 

2.0 

25.0 

30 

1.1 

2.1* 

2l*.2 

1*5 

30  left 

0.9 

1.5 

18.0 

L86 


TA3L3  X/^VII  -  Continued 


Depression 

Angle 

(Deg) 


Roll 

Angle 

(Deg) 

30  left 

30  left 

30  right' 


30  right 


hO  left 


hO  left 
ho  right 


ho  right 


50  left 


50  left 
50  rirht 


50  right 


Error  Signal 
(db)  at  5°  R*om 
Elec.  Boresight 

1.0 

no  good  reversal 
no  good  reversal 

0.8 

1.5 

0.9 

1.1 

1.5 

no  good  reversal 
no  good  reversal 


1.6 

0.9 

l.h 

0.9 

no  good  reversal 
no  pood  reversal 
no  good  reversal 

0.5 

l.h 

1.3 

1.2 

no  good  reversal 
no  good  reversal 
no  good  reversal 


1.6 

0.8 

1.2 

no  good  reversal 
no  good  reversal 
no  good  reversal 
no  pattern 

1.7 

1.2 

l.h 

no  good  reversal 
no  good  reversal 
no  good  reversal 
no  pattern 


Error  Si  gnal 
(db)  at  12°  From 
Elec.  Boresight 


Minimum 
Side -Lobe 
Level  (db) 


no  good  reversal 

- 

no  good  reversal 

- 

2.1 

13.0 

3.h 

25.0 

2.1 

2h.2 

2.5 

18.0 

3.h 

11.8 

no  good  reversal 

- 

no  good  reversal 

- 

3.h 

20.0 

2.3 

11.0 

3.0 

15.6 

1.8 

16.0 

no  good  reversal 

no  good  reversal 

— 

no  good  reversal 

- 

1.5 

20,0 

'>.3 

11,0 

3.2 

L5.6 

2.6 

16.0* 

no  good  reversal 

— 

no  rood  reversal 

— 

no  good  reversal 

- 

2.9 

15.5 

2.0 

11.0 

2.6 

15.0 

no  good  reversal 

no  good  reversal 

_ 

no  good  reversal 

- 

3.h 

15.5 

2.3 

11.0 

3.0 

15.0 

no  good  reversal 

- 

no  good  reversal 

— 

no  good  reversal 

- 

- 

- 

TABLE  mvm.  PITCH  PLANE  PATTERN  DATA 


Roll  Variable 
Frequency,  lliliO  MHz 
1.0-Inch  Antenna  Spacin 


Null* 

Depth  (db) 

Null  Width  (Deg) 

Dwn 

From  Peak 

20  db  Down  From  Peak 

Roll.  Angle  (Deg) 

Rt  Patt 

Lt  Patt 

Rt  Patt 

Lt  Patt 

Rt  or  Lt 

Port  #1 

Port  #2 

Port  #1 

Port  #2 

0 

22.6+ 

22.6+ 

5.0 

5.0 

10 

27.0+ 

'  28,0+ 

7.5 

6.0 

20 

25.3+ 

26.0+ 

6.0 

11.0 

30 

2i*.0+ 

2h.6+ 

17.0 

7.0 

hO 

2in3+ 

23.0+ 

lij.O 

8.0 

So 

2i*.0+ 

21. h+ 

33.0 

lb.O 

Null  is  always  perpendicular  to  box 


5  APPENDIX  V 

FDLI-SCAIE  ANTENNA  SYSTEM  MEASUREMENTS 


GENERAL 


The  following  antenna  system  measurements  were  made  on  the  full-scale 
antenna  array  for  the  CACS. 

1.  The  impedance  of  the  individual  antenna  elements  was  measured. 
These  measurements  were  taken  on  the  antennas  as  received  from 
Ryan,  with  the  antennas  shortened,  and  with  the  antennas  short¬ 
ened  and  recessed  into  the  holding  assembly. 

2.  Loss  measurements  on  the  RF  switch  between  the  antenna  ports 
and  the  output  port  to  the  receiver  were  made. 

3.  Radiation  patterns  were  taken  for  several  depression  angles  at 
the  low,  center,  and  high  frequencies  of  the  desired  frequency 
band. 

lu  A  draft  of  the  test  plan  was  prepared. 

IMPEDANCE  MEASUREMENTS 

Impedance  measurements  were  made  on  the  individual  antenna  elements, 
associated  cables,  and  the  RF  switching  circuitry  by  standard  UHF  bridge 
techniques. 

The  cables  between  the  antennas  and  RF  switch  were  checked  for  equal 
length  by  a  short-circuit  impedance  method.  The  cable  length  dif¬ 
ference  was  found  to  be  .006  wavelength  or  2.16  degrees  difference  in 
phase  shift.  This  sma? 1  value  will  have  negligible  effect  on  the  radiation 
patterns . 

The  impedance  of  the  individual  elements,  as  received  from  Ryan,  was  then 
measured.  The  measurements  included  the  antenna's  associated  cable.  The 
opposite  antenna  was  removed  during  the  measurement  to  reduce  the  effects 
oi  mutual  coupling.  The  impedance  of  the  antennas  was  as  follows  at  f0 
(cei.ter  frequency): 

Antenna  #1  50il  L  ♦  5.ii°  VSWR  -  1.12 

Antenna  #2  kQfL  L  +  h.7°  VSWR  -  1.10 

The  impedance  of  the  RF  switch  was  then  measured  looking  into  the  input 
ports  (J1  and  J2)  with  the  output  port  (J3)  loaded  vrith  a  50il  resistive 
load.  The  RF  switch  biasing  voltage  was  first  applied  to  connect  21  to 
output  jack  J3  and  then  to  connect  J2  directly  to  the  output.  The  impedance 
at  f0  was  as  follows: 


(«71  on) 

52  A 

L  +  3.6° 

(J2  on) 

52  n 

L.  +  3.6° 

(J2  on) 

S3  Si 

L.  +  3.6° 

(Jl  on) 

53X1 

<-  +  3.6° 

VSWR  =1.08 
VSWR  =l.o8 
VSWR  *  1.09 
VSWR  =  1.09 

^ereceivedT1fromaRyan^wasWtooSlongeto^fit^intoCthe^nCet^1i  StT*  ^ 

cutout.  This  5/16-inch  shortening  alone  wi^h  ^he  °ontr°1  bax's  ^cessed 

antenna  connectors  in  the  mounting baJ^uld  SiJ-  =J' "lnCJ  re1cessing  ot^hB 

0f  the  N°-  2  mta""a  ^te*d  but  note^“^?^T"™;eJohr 


Antenna  M2  1,0  a  4-10.5?  VSWH  .  1.32 

sere  recessed  1/1,  j^h^^he'iiiedancM6,  amount’and>^th  antenna  connectors 
throughout  the  desired  bani:  ^  S  vere  "““"M  at  three  frequencies 


-2.0  Antenna  #1 
Antenna  #2 

f0  Antenna  #1 
Antenna  #2 


hi 


Antenna  #1 
Antenna  #2 


106X1 

111X1 

37X1 

36X1 

51X1 

5b  XI 


L  -  lb.l0 
x  -  17.5 

x  -  lb. 5° 

L  -  lb. 5° 

l  +  7.5° 

L.  +  6.8° 


VSWR 

VSWR 

VSWR 

VSWR 

VS-JR  ■ 
VSWR 


■  2.22 
■  2.36 

1  i.5o 
1.52 

1.18 

1.16 


™ntsnaS"byi?SS^hSebco„VT ' ,ded  =°"e"hat  by  shortening  the  ele- 
sell  matched  to  the  transmission  liSs  and  RF^swit6..1183'.'}!1'6  Sti11  reas°nably 

STi^tT  S  /\^:L^2Xeha„tnna 

-loss  at  fi  ia°K  311(3  3:316  misinatch  l°ss  would  be  less  than  0.1  db  The 
iioss  at  1 10  would  be  aporoximately  0.3  db.  aD*  ine 

The  final  antenna  length  sas  7-21/32  inches  including  the  connectors. 


SWITCH  LOSS  MEASUREMENTS 

RF  loss  measurements  were  made  by  apolyinp  oower  to  T1  to  Uu 
antenna  input  ports)  and  by  measuring  the  power  level  out  J3  of  th  »p 
switch  assembly.  The  output  power  is  referenced  to  thp  Y 

ports.  It  should  be  noted  that  with  power  apnlied  to  either  *he  i”put 
there  will  be  signal  out  J3  irrespective  of  tto  ^  °°rt> 

its- 

JutD.uJ  00  ™atter  which  way  the  RF  switch  is  biased.  The  measured 
losses  for  the  various  conditions  are  shown  as  follows: 


a 
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Power  in  J1  (Jl  on)  -b.O  db  out  J3 

Power  in  Jl  (J2  on)  -L.6  db  out  J3 

Power  in  J2  (J2  on)  -L.0  db  out  J3 

Power  in  J2  < Jl  on)  -b.5  db  out  J3 

These  measurements  show  that  tne  RF  switch  introduces  an  additional  signal 
loss  of  1.0  to  1.6  db  (depending  on  oath)  over  the  theoretical  value  of  the 
hybrid  alone.  This  loss  may  be  attributed  to  the  input  cables,  the  output 
cables,  and  the  switch  losses.  These  losses  are  considered  to  be  reasonable. 
The  element  measurement*  also  show  that  the  signal  amplitude  from  each  antenna 
element  will  be  slightly  unbalanced  due'  to  0.5  to  0.6  db  additional  loss 
through  the  -90-degree  phase  lag  port  of  the  hybrid.  This  characteristic  of 
the  hybrid  may  cause  some  change  in  the  side-lobe  level  of  the  radiation 
patterns. 

RADIATION  PATTERN  MEASUREMENTS 


Radiation  pattern  measurements  of  the  CACS  antenna  system  were  made  at  the 
Point  Receiving  Site.  Unit  No.  3  control  box  cover  was  mounted  on  a  mockup 
of  the  control  box  and  payload,  and  the  complete  assembly  was  mounted  on  the 
roof-top  azimuth  rotator.  The  control  box  was  mounted  in  a>  horizontal 
position  and  rotated  in  azimuth,  while  the  radiation  patterns  were  continu¬ 
ously  recorded.  The  transmitter  consisted  of  a  Hewlett-Packard  6o9C  3ignal 
generator  connected  to  a  log-periodic  transmitting  antenna.  The  transmit 
antenna  was  located  at  different  orientations  with  respect  to  the  control 
box  to  simulate  tne  radiation  patterns  at  various  depression  angles.  The 
receiving  system  consisted  of  a  Scientific  Atlanta  Polar  Recorder  and  b02 
Series  Wideband  Receiver. 

Radiation  patterns  were  recorded  for  both  the  right-hand  and  the  left-hand 
cardioid  patterns  at  several  frequencies  and  several  depression  angles. 

Table  XL  lists  the  radiation  patterns  taken. 

It  snould  be  rioted  that  the  radiation  nattems  at  Ii5-  and  60-degree  depres¬ 
sions  may  be  somewhat  in  error  since  the  transmit  antenna  was  placed 
relatively  close  to  the  control  box,  and  the  control  box /payload  combination 
was  not  in  the  far  field  of  the  transmit  antenna.  The  true  pattern  shape 
may  be  slightly  different  due  to  payload  reflections. 


The  right-hand  cardioid  oat tern  was  recorded  and  then  the  RF  switch  state 
changed  to  record  the  left-hand  cardioid  pattern  on  the  same  piece  of 
Daper.  In  addition  to  the  data  recorded,  the  boresight  error  was  deter¬ 
mined  by  reading  angular  information  from  a  selsyn  readout  on  the  rotator 
control  panel.  The  selsyn  reading  was  noted  at  the  point  vrbere  the  right 
and  left  patterns  had  equal  amplitudes.  This  value  was  compared  to  the 
mechanical  boresight  to  determine  the  homing  course  error.  Data  taken  from 
the  radiation  patterns  is  tabulated  in  Table  XLI.  This  data  includes 
frequency,  depression  angle,  beresirnt  error,  course  error  signal  at  5 
degrees  from  electrical  boresight  (average  of  right  and  left  sic  ),  course 
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error  signal  at  12  degrees  from  electrical  boresight  and  minimum  sidelobe 
level  below  the  pattern  peak.  Figures  67  through  80  are  the  radiation 
patterns  taken. 


TABLE  XL. 

RADIATION  PATTERNS 

Pattern  No. 

Frequency 

Depression  Angle  (Deg) 

1  V~ 

flo 

0 

2 

flo 

15 

3 

o 
1 — 1 

U5 

h 

flo 

60 

5 

f0 

0 

6 

fQ 

15 

7 

fo 

U5  . 

8 

fo 

60 

9 

fhi 

0 

10 

fhi 

15 

11 

fhi 

U5 

12 

fhi 

60 

13 

flo 

elevation  pattern  right  to  left 

u* 

f0 

elevation  pattern  right  to  left 

TABLE  XLI.  RADIATION  PATTERN  DATA 


Minimum 


Depression 

Boresight 

Error  Signal 

Error  Signal 

Side-Lobe 

Angle 

Error 

at  5  Deg 

at  12  Deg 

Level 

_ _ 

(Deg) 

(DB) 

(DB) 

(-DB) 

flo 

0 

5.3L 

1.7 

3.5 

13.5 

flo 

15 

U.OR 

1.0 

2.3 

12.3 

^lo 

U5 

0.0 

1.0 

2.2 

8.5 

flo 

60 

3.5L 

0.9 

2.1 

8.5 

fo 

0 

0.5L 

1.U 

3.0 

10.0 

fo 

15 

U.OR 

l.l 

2.U 

12.8 

fo 

U5 

1.2R 

l.l 

2.5 

9.6 

fo 

60 

2.3R 

l.l 

2.U 

11.3 

fhi 

0 

5.1R 

1.0 

2.7 

9.0 

fhi 

15 

1.3R 

1.2 

2.9 

3 li.5 

U.OR 

1.7R 

1.2 

1.1  « 

2.9 

3.0 

11.8 

12.2R 
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Figure  67#  Azimuth  Pattern  (0— Degree  Depression) 
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Figure  69«  f^0  Azimuth  Pattern  (U5-Degree  Depression) 
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Figure  70.  fj_Q  Azimuth  Pattern  ( 60-Degree  Depression) 
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Figure  71.  f0  Azimuth  Pattern  (0-Degree  Depression) 
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Figure  72.  fQ  Azimuth  Pattern  (15>-Degree  Depression) 
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Figure  73.  fc  Azimuth  Pattern  (L5-Degree  Depression) 
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Figure  7k  •  f0  Azimuth  Pattern  (60 -Degree  Depression) 


□ 

<|»CiJ7S  I  I 
be-PRESSioN  U)! 


TEST  MOD  EL- 

MODEL  scale: _ Full 

CONDITIONS: - 

CURVES  PLOTTED  IN:  D£ 

VOLTAGE: _ 

POWER: _ 


FREQUENCY: 

SCALE  FREQUENCY 
POLARIZATION: 


PATTERN  AREA: _ 


■ILK 


*1 


rarrwKrrt 


200 


ilisiil 


s. 

Figure  75. 


l}ji  Azimuth  Pattern  ( 0-Degree  Depression) 
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Figure  76.  fhi  Azimuth  Pattern  (15-Degree  Depression) 
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Figure  77.  %  Azimuth  Pattern  (1*5-Degree  Depression) 
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Figures  79  and  80  are  elevation  plane  cuts  taken  from  right  to  left  on  the 
control  box.  They  were  taken  to  assure  that  the  side-lobe  level  did  not 
increase  to  an  unusable  level  at  depression  angles  other  thar  those  used  in 
azimuth  plane  measurements.  The  side-lobe  level  is  10  db  down  or  greater 
for  all  depression  angles  up  to  approximately  75  degrees.  Above  75  degrees, 
the  side-lobe  level  increases  rapidly.  j 


TEST  FLAN 

A  draft  of  the  test  plan  for  antenna  system  functional  tests  was  prepared. 
It  was  the  purpose  of  the  plan  to  establish  test  procedures,  equipment 
requirements,  and  the  data  to  be  obtained  to  determine  adequate  antenna 
system  performance  prior  to  installation  of  each  system.  Exact  antenna 
performance  specifications  must  be  determined  from  further  system  analyses. 


DISCUSSION 


Although  the  antenna  impedance  is  degraded  somewhat  by  shortening,  the 
antenna  is  reasonably  well  matched  to  the  transmission  line  (cables),  and 
very  little  system  sensitivity  is  lost.  The  antenna  length  could  be 
reduced  further  to  allow  recessing  into  the  box.  The  impedance  mismatch 
would  be  approximately  the  same  as  when  the  connectors  were  recessed  1/U 
inch.  System  sensitivity  would  be  degraded  approximately  0,2  db  at  fQ  and 
0.3  db  at  f^0  over  the  final  length  chosen  in  this  report. 

Grounding  straps  were  connected  from  the  antenna  connectors  and  the  con¬ 
trol  box  cover  during  Ahe  impedance  and  pattern  measurements.  No  change 
in  impedance  or  radiamon  patterns  with  or  without  the  straps  was  evident. 

It  is  recommended  that  the  straps  be  retained  to  remove  the  possibility  of 
radiation  pattern  jitter  due  to  interruption  of  currents  between  the  mount¬ 
ing  bar  and  the  control  box  cover. 

The  radiation  pattern  data,  when  compared  to  the  scale  model  measurements 
(see  Appendix  IV)  indicates  some  changes  of  characteristics.  The  course  error 
signal  at  5  degrees  from  electrical  boresigjht  averages  1.1  db  for  the  full- 
scale  antenna  system  as  compared  with  1.1  db  for  the  scale  model  measure¬ 
ments.  The  course  error  signal  at  12  degrees  from  electrical  boresight 
averages  2.6  db  for  the  full-scale  antenna  system  as  compared  to  2.1*  db 
for  the  scale  model  measurements.  Thus,  the  course  error  signals  compare 
quite  favorably.  The  side-lobe  levels  of  the  full-scale  antenna  system  were 
considerably  higher  than  the  measured  values  on  the  scaled  version.  The 
side-lobe  levels  were  from  2.7  db  to  17  db  higher  on  the  full-scale  mockup 
at  fQj  however,  the  side-lobe  level  is  still  -10  db  or  greater  over  most  of 
the  lower  hemisphere  of  radiation  pattern  coverage.  There  appear  to  be 
two  reasons  for  the  side-lobe  level  increase  on  the  full-scale  antenna.  The 
signal  received  by  the  two  antenna  elements  is  slightly  unbalanced  in 
amplitude  because  of  the  hybrid  loss  unbalance.  This  would  not  allow  the 
two  antenna  signals  to  cancel  one  another  completely  at  broadside  aspect 
angles  to  the  control  box  and,  thus,  increase  the  side-lobe  level.  The 


second  reason  is  that  the  radiating  element  on  the  fall-scale  unit  is  not 
strictly  a  nonopole  antenna,  but  more  a  sleeve-type  dipole.  This  is  due 
to  the  method  of  construction  where  a  type  "N*  connector  is  used  as  the 
lower  part  of  the  radiating  element.  Thus,  the  current  distribution  on  the 
radiating  element  will  be  slightly  different  from  that  obtained  on  the  scale- 
model  monopole  antennas.;  This  could  lead  to  an  unbalance  in  received 
signal  amplitude  on  the  two  antennas  near  broadside  aspect  angles  and, 
again,  not  allow  complete  cancellation  of  signals  for  a  low  side  -lobe  level. 
A  slightly  different  spacing  of  the  antenna  elements  could  possibly  improve 
the  side -lobe  level  if  desired* 


APFENDH  VI 
INSTRUMENTATION 


GENEFAL 


The  originai  instrumentation  package  was  designed  around  a  GEE  recorder 
l CEC  5-113)  and  contained  a  high-speed  l£mm  movie  camera  to  photograph  the 

cSitSnLdUrfne  deplT’ent  fld  ,±Lsreefine  and  in  night.  The  pacSge  also 
Ji*^nP®re-hour  niekel-cadnri.ua  battery  pack  and  the  recessary 
conditioning  r-._  suits,  etc.  The  instrumentation  was  designed  to 

'  e  d“‘  “d  cert*in  enKl"  ‘Ting  for  "***- 


The  initial  setup  provided  six  data  channels  to  the  recorder  as  follows: 


v  Channel 


Function 


1 

2 

3 

5 

7 

9 


Motor  Current 
RftM  Switch  (16  Channels) 
Control  I  ire  l  oad 
Control  Line  Load 
Roll  Inclinometer 
Pi ten  Inclinometer 


Slicing  Pr0V±deS  recording  time  sharing  via  a  commutator  for  the 


PAM  Switch  Channels 


1  Right  Turn  Relay 

2  Left  Turn  Relay 

3  Loss  Carrier  Relay 
h  Receiver  Battery 

5  Servo  Battery 

6  22-Volt  Regulator 

7  Accelerometer 

8  Hi-Level  Steering 


9  Amplifier  Power 

10  Suspension  Load 

11  Suspension  Load 

12  Suspension  Load 

13  Suspension  Load 
Ili  Preset  Voltage 

15  Servo  Feedback 

16  Instrumentation  Battery 


Other  data-gathering  means  used  during  the  flight  test  program  were: 


1. 


tfilCf  /id«JnSy*er  USid  for  Prelim inary  indications  of  effec- 

i  ,L(D  °*  ***  ®yste™*  Two  methods  were  considered,  for  obtain!  rg 
the  data  eliminating  the  effects  of  the  wind*  * 


a.  One  method  is  to  simply  fly  the  system  along  the  prescribed 
course  both  upwind  and  downwind,  and  then  average  the  results 
for  the  L/D  and  the  descent  rate. 

b.  The  second  method  would  entail  the  use  of  two  auxiliary 
devices  in  addition  to  the  basic  parawing  system* 

(1)  a  drag  device  which  will  descend  at  the  same  rate  as  the 
parawing  system  and  (2)  a  deadweight.  The  system  test  pro¬ 
cedure  would  then  include  the  release  of  the  weight  and  the 
drag  device  simultaneously  with  the  initiation  of  the  test 
,  record.  As  a  result,  the  deadweight  would  then  provide  a 

starting  point,  the  drag  device  would  provide  an  actual  wind 
effect  on  the  system,  and  the  parawing  system  would  impact  at 
a  point  including  the  wind  effect.  Physical  measurement  of 
the  locations  of  the  three  test  components  on  the  ground  would 
then  facilitate  calculation  of  the  actual  performance  of  the 
system  during  no-wind  conditions. 

Laying  out  the  course  for  use  of  the  Fairchild  analyzer  is  simple 
geometry  depending  on  the  portion  of  the  fli^it  to  be  recorded. 

The  record  obtained,  due  to  the  method  of  operation  of  the 
analyzer,  can  be  roughly  read  by  the  use  of  an  overlay  to  spot 
check  the  L/D  and  descent  rate  of  the  system. 

2.  Closed -circuit  television  fpr  quick-look  review  data  of  deploy¬ 
ment  and  flight  performance.' 

3.  Brinell  block  harness  for  maximum  load  measurements  during 
deployment  tests. 

li.  I6nm  movies,  both  ground  and  airborne,  with  up  to  bqCinch  lens  for 
closeup  views  of  deployments,  etc. 

5.  Still  photographs  for  documentation  purnoses. 

6.  Smoke  bombs  attached  to  payloads  during  test  to  facilitate 
tracking. 

7.  Personnel  with  spring  scales  to  measure  pull-in  loads  and  for 
preliminary  evaluation  of  paraving  control  characteristics. 


The  instrumentation  package  was  used  on  three  flights  during  the  preliminary 
flight  test  phase  and  on  ten  flights  during  the  deployment  and  control 
flight  test  phase.  These  flights  were: 


102  -  8  August  1968 
108  -  9  August  1968 
123  -  25  September  1968 
20lt  -  22  November  1968 
208  -  27  November  1968 


212  -  2  December  1968 
211j  -  2  December  1969 
217  -  3  December  1969 
22l>.  -  6  December  1969 


225  -  6  December  1968 
229  -  9  December  1968 
2b 2  -  16  December  1968 
2bb  -  17  December  1968 
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'■if 
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Flights  20b  through  229  were  deployment  tests  and  used  the  instrumentation 
package  in  place  of  the  control  box.  The  others  used  the  instrumentation 
box  and  the  control  box  and  were  control  flights. 

A  sumary  for  each  of  the  instrumented  flights  categorized  according  to 
the  test  being  conducted  follows* 


PRELIMINARY  FLIGHT  TEST 


Test  102  -  8  August  1968 

a.  Manual  control  flight  (interim  receiver) 

b.  Twin-catenarv  keel  with  tubular  nylon  lines 

c.  V/eight  (lbs)  Payload  100 

Control  Box  67 

Instrumentation  112 

Total  279 

t 

d.  Spyder  reefer 

e.  Siystem  stable  at  approximately  25  seconds 

f .  Pull-in:  6  inches  In  manual 

U  inches  in  loss  carrier 

g.  Post-flight  check  showed  left  servo  cable  tangled 

h.  Instrumentation  turned  on  9  seconds  after  deployment 

i.  Deployment  JjO  KIAS  at  hOOO  feet 

j.  Flight  duration  275  seconds 

k.  Pitch  and  roll  data  no  good 

l.  Relay  closure  monitor  inoperative  except  loss  carrier 

m.  Alternate  left  and  right  manual  turns  were  transmitted 
during  flight 

n.  No  indication  of  loss  carrier  during  flight 

Figures  8l  through  83  are  portions  of  the  data  tape  from  flight  102. 

Figure  81  starts  9  seconds  after  deDloyment  and  shows  the  sus¬ 
pension  loads  at  ID  and  lb  seconds  after  deployment.  It  also 
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shows  the  actuator  current  pulse  for  a  left  turn  pull-in  as  indi¬ 
cated  by  the  voltage  levels  of  segment  lit  (hi-level  preset)  and 
segment  15  (servo  feedback).  V, 

I 

The  second  figure  (Figu£e_8jL).^shows  the  actuator  current  for  a 
6-inch  right  turn  pull-in  and  return  to  neutral.  It  also  shows 
the  right  control  line  load--  during  the  right  turn  and  the  sus¬ 
pension  loads  during  steady-state  flight. 

The  third  figure  (Figure  83)  shows  the  actuator  current  for  a 
6-inch  left  turn  pull-in  and  for  return  to  neutral.  It  also  shows 
the  left  control  cable  load  and  the  suspension  loads. 

It  can  also  be  noted  that  the  control  line  load  does  not  start  to 
increase  until  approximately  half  of  the  pull-in  time  has  elapsed. 

See  Table  ILII  for  calibration  data.  * 

Test  108  -  9  August  I960 

a.  Manual  control  flight  (interim  receiver) 


b.  Weight  (Lbs)  Payload  100 

Control  box  67 

Instrumentation  11? 

•  c  . 

Total  279 

c.  Pull-in  6  inches  in  manual 


0  inch  in  loss  carrier 

l 

d.  Instrumentation  turned  on  9  seconds  after  deployment 

4 

e.  Deployment  60  KIAS  at  IjOOO  feet 

✓ 

f.  Flight  duration  200  seconds 

g.  Pitch  and  roll  data  no  good 

h.  Relay  closure  monitor  inoperative 

i.  Alternate  left  and  right  turns  transmitted'  during  flight 

j.  Load  cell  for  aft  suspension  lo^d,  apparently  damaged  at 
deployment 

k.  Load  oell  for  left  suspension  load  open  at  approximately 
55  seconds 

Figures  81*  through  86  are  portions  of  the  data  tape  from  flight 
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Figure  8U  shows  the  suspension  loads  at  12  seconds  and  identifies 
the  channels.  It  also  shows  the  aft  suspension  load  cell  open 
when  theJ.  instrumentation  is  turned  on. 

N  Figure  85  shci^s-the  servo  actuator  current  and  control  cable  load 
for  a  6-inch  right-turn  pull-in  and  the  actuator  current  for 
return  to  neutral. 

Figure' 86  shows  the  same  information  for  a  6-inch,  left-turn 
puH^inCsee  Table  ILTI  for  calibration). 

3.0  Test  123  -  25  September  1968 

a.  Automatic  homing  flight  (final  receiver) 


b.  Weight  (Lbs)t 

Payload 

300 

Control  box 

65 

Instrumentation 

112 

/ 

-Total 

U77  . 

c.  Pull-in* 


6  inches  manual 
3  -J./1*.  inches  automatic 
5  inches  loss  carrier 


d.  Instrumentation  turned  on  6  seconds  after  deployment 

“V 

e.  Deployment  1*0  KIAS  at  7000  feet 

.i 

f.  Flight  duration  138  seconds 

v 

g.  Snyder  reefer  tangled  in  right  leading -edge  lines,  c  auaing  a 
continuous  tight  right  turn  to  impact 


Since  the  reefer  was  tangled  in  the  right  lines,  the  wing  stayed 
in  a  tight  right  turn  to  impact. 

The  data  tape  from  flight  123  shows  that  the  system  was  in  auto¬ 
matic  homing  for  the  first  75  seconds  and  that  the  servo  actuator 
functioned  at  least  85  times  during  this  period.  The  right  con¬ 
trol  line  load  was  erratic  during  the  flight  and  reached  peaks 
in  excess  of  60  pounds.  The  system  was  switched  to  manual  after 
75  seconds  y  and  right  and  left  turns  were  transmitted. 

The  tape  shows  the  delay  from  receiver  power  on  to  AGC  buildup  to 
be  7  seconds.  The  servo  actuator  current  indicates  pull-in  times 
on  the  order  of  1  second  for  6-inch  pull-in. 


The  suspension  loads  were  erratic  throughout  the  flight.  Eight 
seconds  before  impact, the  suspension  loads  were  as  follows: 
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Aft 

Forward 

Left 

Right 


U50 

300 

59 

177 


Total  986  Lbs 

if  ' 

The  highest  single  suspension  load  was  in  the  aft  load  cell  at  50 
seconds.  The  load  was  5l0  pounds  from  the  aft  load  cell  alone. 
s  The  others  were  forward  285  pounds,  left  118  pounds,  and  right  70 
N  pounds,  for  a  total  of  983  pounds. 

Although  the  system  was  in  a  very  tight  light  turn  from  deploy¬ 
ment  to  impact,  due  to  the  tangled  reefer,  the  data  tape  indicates 
that  the  control  system  was  functioning  normally  throughout  the 
flight  in  both  the  automatic  homing  and  manual  modes. 


DEPL03MBNT  TEST 

1.  Test  20h  -  22  November  1968 

\ 

Test  201*  was  a  deployv-int  test  using  the  deployment  sleeve  with 
"0"  ♦  3/h  nose  tuck  reefing  for  It  seconds.  The  payload  weired 
500  pounds,  and  the  instrumentation  package  used  in  place 
of  the  control  boat  weighed  85  pounds.  A  Brinell 
block  was  used  between  the  payload  and  instrumentation  package 
for  peak  load  indication,  and  load  cells  were  used  in  each  sus¬ 
pension  line  group  to  obtain  the  load/time  history.  Figure  87  is 
a  portion  of  the  data  tape  covering  the  first  7  seconds  of  the 
flight.  It  shows  a  peak  load  in  the  reefed  mode  of  about  1995  pounds 
or  3  g  and  a  peak  load  in  the  dis  reefed  mode  of  about  hl60  pounds  or 
7.1  &while  the  Brinell  block  indicated  a  peak  load  of  3700  pounds 
or  7.1  g.  Since  the  drop  was  uncontrolled,  a  right  turn  was  tied 
into  the  wing.  The  turn  result  was  a  tight,  right  turn  as  indica¬ 


ted  by  static  ldads  of* 

'  'l  Aft  . 

Forward 

Left 

Right 


'378 

hl6 

215  at  50 
252  • 


sec 


Total 


1261  Lbs  or  2,15  g 


Total  flight  time  was  56  seconds.  Deployment  was  3000  feet  at 
80  KIAS. 
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.  Test  208  -  27  November  1968 

Test  208  was  a  deployment  test  using  the  deployment  bag  with 
"0”  +  3/lt  nose  tuck  reefing  for  h  seconds.  The  Dayload  weighed  f 

^00  pounds,  and  the  instrumentation  package  used  in  place  of  the 
control  box  weighed  8$  pounds.  A  Brineli  block  was  used  between 
the  payload  and  the  instrumentation  package  for  Deak  load  indica¬ 
tions,  and  load  cells  were  usei.  in  each  suspension  line  group  to 
obtain  the  load/time  history.  Figure  88  is  a  portion  of  the  data  tape 
covering  the  first  10  seconds  of  the  flight.  It  shows  a  peak  load 
in  the  reefed  modd  of  lhk5  pounds  or  2.5  g  and  a  peak  load  in  the  dis- 
reefed  mode  of  22U5  pounds  or  2.85  g,  while  the  Brineli  block  indicated 
a  peak  load  of  1900  pounds  or  3.8  g.  Total  flight  time  was  120 
seconds.  Deployment  was  3000  feet  at  80  KIAS. 

3.’  Test  212  -  2  December  1968 

Test  212  was  a  deployment  test  using  the  deployment  sleeve  with 
"0"  +  l/2  nose  tuck  reefing  for  L  seconds.  The  payload  weighed 
500  pounds,  and  the  instrumentation  package  used  in  place  of 
the  control  box  weighed  85  pounds.  A  Brineli  block  was  used 
between  the  payload,  and  the  instrumentation  package  for  peak  load 
iixlications, and  load  cells  were  used  in  each  suspension  line 
group  to  obtain  the  load/time  history.  Figure  89  is  a  portion  of 
the  data  tape  covering  the  first  8  ^seconds  of  flight.  It  shows  a 
peak  load  in  the  reefed  mode  Of  i860  pounds  or  3.2  g  and  a  peak 
load  in  the  disreefed  mode  of  2185  pounds  or  3.75  g,  while  the 
Brineli  block  indicated  a  peak  load  of  3300  pounds  or  6.6  g. 

The  accelerometer  shows  a  peak  in  excess  of  6  g,but  no  corresponding 
loading  appears  On  the  data  tape.  Deployment  was  3000  feet  at  80  KIAS. 

h.  Test  217  -  3  December  1968 
* 

Test  217  Was  a  deployment  test  using!  the  deployment  sleeve  with  a 
drogue  chute  and  "O"  +  l/2  nose  tucki  reefing.  Delays  were  2 
seconds  on  the  drogue  chute  and  2  seconds  in  the  reefed  mode.  The 
payload  weighed  500  pounds,  and  the  instrumentation  package 
used  in  place  of  the  control  box  weighed  85  pounds.  A  Brineli 
block  was  used  between  the  payload  and  the  instrumentation  package 
for  peak  load  indication,  and  load  cells  were  usedHn  each  sus¬ 
pension  line  group  for  the  load/time  history.  Figure  90  is  a  por¬ 
tion  of  the  data  tape  covering  tne  first  6  seconds  of  flight.  The 
reefing  line,  used  on  this  flight  was  a  MIL-W-562 5  1000-pound  web. 

The  reefing  line  broke,  and  the  resulting  load  as  indicated  by  the 
Brineli  block  was  7200  pounds  or  Jlub  g.  AH  four  of  the  load 
cells  use4  on  the  suspension  line  groups  were  damaged  beyond 
reuse.  Deployment  was  3000  feet  at  80  KIAS. 
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5.  Test  22U  -  6  December  1968 

Test  22U  was  a  deployment  test  using  the  deployment  bag  and  "0" 

♦  1/2  nose  tuck  reefing  for  h  seconds.  The  payload  weighed  $00 
pounds,  and  the  instrumentation  package  used  in  place  of  the 
control  box  weighed  8$  pounds.  This  test  used  a  single  load  cell 
located  between  the  payloftd  and  the  instrumentation  package  for 
the  load/time  history,  arid  a  similarly  located  Brinell  block  was 
used  for  peak  load  indication.  Figure  91  is  a  portion  of  the  data 
tape  covering  the  first  6  seconds  of  the  flight.  It  shows  a  peak 
load  in  the  reefed  mode  of  21*85  pounds  or  5  g  and  a  peak  load  in 
the  d is reefed  mode  of  3000  pounds  or  6  g,  while  the  Brinell  block 
indicated  a  peak  load  of  3600  pounds  or  7.2  g.  Total  flight  time 
was  lli8  seconds,  3000  feet  at  80  KIAS. 

6*  Test  225  -  6  December  1968 


Test  225  was  a  deployment  test  using  the  deployment  bag  with  a 
drogue  chute  and  "0"  ♦  1/2  nose  tuck  reefing  using  2-second 
delays.  The  payload  weighed  $00  pounds,  and  the  instrumentation 
package  weighed  85  pounds.  A  single  load  cell  was  used  between 
the  payload  and  the  instrumentation  package  for  load/time  history, 
and  a  Brinell  block  was  used  for  peak  load  indication.  The  type 
M21,  2-second  delay  reefing  line  cutter  used  to  release  the  drogue 
chute  and  deploy  the  parawing  failed;  thus,  the  package  impacted 
with  only  the  drogue  chute  deployed,  and  the  instrumentation 
package  was  destroyed.  When  the  reefing  line  cutter  fired,  the 
rear  end  blew  out  of  the  cutter,  and  the  knife  did  not  move  far 
enough  to  cut  the  line.  Figure  92  is  a  portion  of  the  data  tape 
covering  the  first  6  seconds  of  flight,  3000  feet  at  80  KIAS. 

7.  Test  229  -  9  December  1968 

Test  229  was  a  deployment  test  using  the  deployment  bag  with  a, 
drogue  chute  and  "0"  ♦  3/1*  nose  tuck  reefing  using  2-second  delay 
on  the  drogue  and  the  reefing  line.  This  test  used  a  rebuilt 
instrumentation  package  and  a  single  load  cell  between,  the  85- 
pound  instrumentation  package  and  a  500-pound  payload.  Figure  93 
is  a  portion  of  the  data  tape  covering  the  first  8  seconds  of  the 
flight.  It  shows  a  peak  load  on  the  drogue  chute  of  1700  pounds 
or  3*U  g,  a  peak  load  in  the  reefed  mode  of  2100  pounds  or  1*.2  g, 
and  a  peak  load  in  the  disreefed  mode  of  36OO  pounds  or  7.2  g, 
while  the  Brinell  block  shqpred  a  peak  load  of  3700  pounds  or  7*1*  g. 
Total  flight  time  was  135  seconds,  3000  feet  at  80  KIAS. 


CONTROL  FLIGHT 


Test  21*2  -  16  December  1968 


Test  21*2  was  a  control  flight  using  1-1/2  inches  pull-in  in  all  modes. 
The  90-pound  instrumentation  package  was  mounted  on  top  of  the  65- 
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pound  control  box  and  load  cells  were  used  in  the  control  lines  only. 
The  payload  weighed  500  pounds,  for  a  total  suspended  weight  of 
655  pounds.  The  data  items  on  the  instrumentation  package  for  this 
flight  were: 

1.  Left  control  line  load 

2.  Right  control  line  load 

3.  Hi-level  preset  voltage 

U,  Servo  feedback  voltage 

ft.  Receiver  AGO 

6.  Receiver  proportional  output 
Relay  closure  monitor 
I-^Tecond  timing  pulse 

The  winfe  had  a  built-in  left  turn  which  could  just  be  overcome  by  the 
l-l/2-inch  pull-in.  The  control  system  functioned  normally  in  all 
modes.  Figure  9U  ia-aportion  of  the  data  tape  showing  the  first  20 
seconds  of  the  flight.  Jt  shows  a  control  line  load  peak  in  the 
reefed  mode  at  about  2  seconds  and  a  second  peak  load  following  dis- 
reefing  at  about  5.5  seconds.  The  time  delay  relay  closes  in  6 
seconds,  and  the  system  goes  into  a  loss  carrier  right  turn  during 
which  the  right  control  line  load  stabilizes  around  35  pounds.  The 
receiver  AGO  builds  up  to  the  receiver  on  point  (3.5v)  in  about  7 
seconds  after  the  time  delay  closes,  and  the  system  goes  to  neutral 
followed  by  three  right/left  turn  cycles  in  the  automatic  homing 
mode.  •‘•  The  system  then  stays  in  automatic  homing  right  turn  to  T  +  56 
seconds. 

Figure  95  is  a  portion  of  the  data  tape  covering  the  time  span,  from 
125  to  lliO  sec  orris.  This  figure  starts  with  the  system  in  automatic 
homing  right  turn  and  ends  in  an  automatic  homing  left  turn.  The 
control  line  loads  are  seen  to  be 


Left 

Right 

0 

31 

right  turn 

t 

27 

'  0 

left  turn 

7 

17 

neutral 

Tiie  average  time  for  the  1-1/2 -inch  pull-in  la  0.35  second.  The 
figure  also  shows  the  proportional  output  voltage  at  turn  relay  pull-in 
to  be  approximately  2v  for  left  or  for  right  turn. 

The  data  tape  for  this  test  also  shows  the  following  AGO  condition: 

From  power  on  to  receiver  operate  (3.5v)  7.6  sec 

From  power  on  to  AGC  maximum  (9v)  20./  sec 

•  From  RF  on  to  receiver  operate  0.35  sec 

From  RF  on  to  stable  3.5v  0.95  sec 

Total  flight  time  was  352  seconds  from  a  drop  altitude  of  10,000  feet. 
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Channel 

1 

3 

5 

7 

9 

2  PAM 
1 
2 
3 


r.  A  -*■»■!.  a  x  y 

—  Data  Item 


- -^e  Fact” _ Data 

5.5  amp/1.07"  -  s.15  amp/.  Actuator  current 


66.4  #/.91"  -  73  #/« 

72.5  #/ .92"  -  78.5  #/« 
J  Pitch  and  roll 
^calibration  not  valid 


h 

20  V.55"  «  36.1*  v/" 

5 

20  v/,55"  -  36.1*  v/» 

6 

20  v/.8l"  •  2J*.6  v/» 

7 

1*.16  0/ . 81*"  •  1*.95  q/ 

8 

20  v/.8l"  -  2l*.6  v/« 

9 

10  v/.l*»  .  25  v/» 

10 

185  #/.83»  -  222  #/» 

11 

188  #/ .85"  -  226  #/» 

12 

189  #/.85"  -  228  #/» 

13 

193  #/.85"  -  230  #/» 

14 

20  v/.80»  -  25  v/» 

15 

20  v/.80»  -  25  v/» 

16 

5  v/.52»  -  9.6  y/n 

Control  load  (left) 

Control  load  (right) 

Roll  inclinometer 
Pitch  inclinometer 

Right  turn  relay  operation 
Left  turn  relay  operation 
Loss  carrier  relay  operation 
Receiver  battery  voltage 
Servo  battery  voltage 
Regulated  22  -v 
Accelerometer 

o 

Hi-level  steering 

Proportional  output 

Riser  load  aft 

Riser  lead  forward 

Riser  load  left 

Riser  load  right 

Preset  voltage 

Servo  feedback  voltage 

Regulated  5  VDC  (instrumentation) 
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Figure  82.  Instrumentation  Data  Test  102 


Regulated  5  Volt  (Inst.) 
Servo  Feedback  Voltage 
Hi-Level  Preset  Voltage 
Suspension  Load  Right 
Suspension  Load  Left 
Suspension  Load  Forward 
Suspension  Load  Aft 
Proportional  Output 
Hi-Level  Steering  — 

Accelerometer  > - 

22  Volt  Regulator 
Servo  Battery  Voltage 
Receiver  Battery  Voltage 

Loss  Carrier  Relay _ 

Left  Turn  Relay- _ _ 

Right  Turn  Relay 


Suspension 

Loads 


Right  1 55# 
Left  *  '  130# 
Forward  3U5# 
Aft  (open) - - 


Left  Control  Load 
Right  Control  Load 
Actuator  Current 


ft 


P 


T  ♦  9  Sec 


:l 


Reefed  Peak  Disreef  Peak 


Figure  88.  Instrumentation  Data  Test  208 
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8?.  Instrumentation  Data  Test  212 


Figure  90.  Instrumentation  Data  Test  217 


Peak  Load  on  Drogue 
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Figure  93.  Instrumentation  Data  Teet  229 


APPENDIX  VII 
EXEMPT  PARTS  LIST 


Part  No.  and  Name 

Mfg  Code 

Reason 

C177 

Connector 

59730 

Nearest  applicable  spec  is  MS2 0659-28, 
which  does  not  provide  a  terminal  for 
5/8-inch  studs  that  will  accommodate 
No.  12  AWO  wire 

8661-50 

Shielding 

70903 

Equivalent  to  federal  spec  QQ-B-575 

DAC-15P 

Connector 

711*68 

Part  selected  because  of  space 
requirements;  nearest  standard  part 
is  M2l*3 08/2-2;  no  QPL  for  MIL-C-21*308 

80GB5-J*-A-5K 

Relay 

98927 

Part  rec  emended  by  Ryan  Aeronautical 
as  compatible  with  their  radio  equip- 
_ ment 

79GB10RJ*-A600 

Relay 

98927 

Part  recomaended  by  Ryan  Aeronautical 
as  compatible  with  their  radio  equip¬ 
ment 

CA3108ER20-7S 

Connector 

711*68 

Part  provides  potting  feature  (for 
sealing  and  strain  relief)  in  less 
space  than  required  by  KS3108R20-7S 
with  M53057  strain  relief  clamp 

703PBI 

Switch 

91929 

703PBI  Is  made  up  of  MS27216-1  (MIL- 
S-8805/8)  sensitive  switches  which 
axe  sealed;  nearest  MIL  spec  part 
M88O5/23-O03  does  not  have  sealing 
feature 

DAC-15S 

Connector 

711*68 

Part  selected  because  of  space 
requirements;  closest  applicable  spec 
MIL-C-2l*308;  no  QPL  for  MIL-C-2l*308 

DBC-25S 

Connector 

711*68 

Part  Selected  because  of  space 
requirements;  closest  applicable  spec 
MIL-C-2U308;  no  QPL  for  MIL-C-2l*308 

DCC-37S 

Connector 

711*68 

Part  selected  because  of  space 
requirements;  closest  applicable  spec 
MIL-C-2U308;  no  QPL  for  MIL-C-2l*308 

Part  Wo.  and  Name 


3U002-6-63 
Terminal  Block 


2112DH3N  (.05-10  sec) 
Time  Delay  Relay 

PTO6SE-12-10S 

Connector 


JS5 

Switch  Actuator 


Mfg  Code 
90U1O 


98U03 

77820 

92993 


0  ■ 

) 


_ Reason _ 

«> 

Part  selected  because  of  space 
requirements;  closest  equivalent 
standard  part  is  Class  UOTB  of  MIL— 

T-5516U/U  { 

No  time  delay  relays  qualified  under 

MIL-R-5757 

Coranercial  equivalent  to  MS3126E12- 
10S;  future  procurements  will  be  to 
MIL-C-26U82 

No  standard  switch  actuator  available 
for  this  application 
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['■  crioinatinr  activity  (Ciptn i.  au«mt~ 

Goodyear  Aerospace  Corporation 
1210  Massillon  Rd. 

Akron,  Ohio  I«l3l5 _ 


nc^ORT  tecum  tv  CLAttinc  atic 

Unclassified 


500— Pound  Controlled  Airdrop  Cargo  System 
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l«.  OtSTmoyVlOM  ITATCUINT 

This  ^document  is  subject  to  special  export  ( 
governments  or  foreign  nationals  nay  be  nad< 
Aviation  Materiel  Laboratories,  Fort  Eustis 

y 

:ontrols,  and  each  transmittal  to  foreiig 
only  with  prior  approval  of-  US  Army  7 
Virginia  23604.  / 

n 

T~ . 

1 

»I.  SROMaORINR  MIL!  T  ART  ACTIVITY  / 

U.S.  Amy  Aviation  Materiel  Laborkt 
Fort  Euatis,  Virginia  / 

/ 

oriea 

— -  i — i — -  w*  *■  w  uoioiup  *na  iumion  xo  -me  arny  lUiaAyjjuss 

•  fl**ible-wing  delivery  systea  for  all-weather  airdrop  of  500  pounds  of 
cargo  with  both  automatic  and  coaaand  homing  capability.  These  systems 
are  for  use  in  ailitsxy  eng  inuring  and  service  tests.  — , 

*  .  _  .  '  j 

A  detailed  design  analysis  and  trade-off  was  accomplished,  followed  by  a 
fuUr?°^1?  test  program  and  flight  test  evaluation  effort  which 

resulted  in  the  selection  of  a  tain-keel  catenary  parawing,  airborne  control 

''Md,lendiM*P*n*i0n  8y8t8,,•  ®li8  »y»tem  was  then  tested  for  reliability 

-  *  .  v_  / 

This  report  presents  the  results  and  findings  of  the  work  accomplished.  ( 
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Unclassified 


Cargo  Delivery 

/ 

All-flexible  Parawing 

Twim-catenary-ke  e 1  Parawing 

Automatic  Hosing 

Manual  Control  Heating 

Loee  Subcarrier 

■0*  ♦  3/h  Hoee  Took  Beefing 


